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Mixed hyperlipidemias—elevated cholesterol and triglycerides—are common 
among heart attack victims,’ and nearly two thirds of people who developed 
myocardial infarction in the PROCAM Trial had a low (< 35 mg/dL) baseline 
level of HDL cholesterol2 LOPID® (gemfibrozil) is not indicated for the treatment 


of patients with low HDL cholesterol as their only lipid abnormality. 
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913 
Comparison of Effects of Thrombolytic Therapy on Left 
Ventricular Function in Patients Over with Those Under 60 
Years of Age 

Harvey White, David Cross, Margaret Scott, and Robin Norris 





The effect of age on left ventricular function was examined in 312 patients 
treated with thrombolytic therapy and in 83 patients given placebo pre- 
senting within 4 hours of the onset of a first myocardial infarction. Patients 
were prospectively divided into 2 age groups: <60 years (n = 244) and 
>60 years (n = 151). The ejection fractions were similar for patients 
receiving streptokinase (n = 188) and recombinant tissue-type plasmino- 
gen activator (n = 124). Multifactor analysis of variance revealed that 
younger age and thrombolytic therapy were independently related to 
improvement in ejection fraction. The absolute benefit of thrombolytic 
therapy may be greater in the elderly because of the poor outcome of 
untreated patients. 


SD se a te lS Se eee ee 
Prediction of Death and Myocardial Infarction by Radionuclide 
Angiocardiography in Patients with Suspected Coronary 
Artery Disease 

Scott H. Johnson, Carol Bigelow, Kerry L. Lee, David B. Pryor, and 
Robert H. Jones 


The prognostic value of radionuclide angiocardiography was evaluated in 
908 patients without subsequent cardiac catheterization. During follow- 
up (median 4.6 years), 52 cardiovascular deaths and 32 nonfatal myocar- 
dial infarctions occurred. Thirty-nine radionuclide angiocardiographic 
and clinical variables examined by univariable and multivariable analyses 
identified the exercise ejection fraction as the most significant independent 
predictor of future cardiac events. Measurement of left ventricular func- 
tion during exercise provides important prognostic information in a popu- 
lation with suspected coronary artery disease. The low cardiac event rate 
in patients with good exercise ventricular function obviates the need for 
further invasive assessment. 
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Circadian Variation of Transient Myocardial Ischemia in the 
Early Out-of-Hospital Period After First Acute Myocardial 
Infarction 

Hans Mickley, Peter Pless, Jens R. Nielsen, and Mogens Mgller 


The purpose of this study was to determine whether a circadian pattern of 
transient myocardial ischemia exists after first acute myocardial infarc- 
tion (AMI). Prospectively, ambulatory ST-segment monitoring was initi- 
ated at discharge on day 11 + 5 in 123 consecutive patients. Ninety-three 
episodes (91 asymptomatic) occurred in 21 patients (17%). A significant 
circadian rhythm of transient myocardial ischemia was found with a peak 
activity occurring in the evening hours (p <0.01). Thus, 43% of ischemic 
episodes (42% of ischemic time) occurred between 6 P.M. and 12 midnight. 
Patients with ischemia exhibited a similar diurnal distribution. Sixteen 
patients demonstrated ischemia from 6 P.M. to 12 midnight versus 10 
patients from 6 A.M. to 12 noon (p <0.01). The 24-hour mean minimal 
heart rate was significantly higher in patients with than without ischemic 
episodes (p <0.02). In conclusion, this study has established a significant 
circadian peak of transient myocardial ischemia in the evening hours in 
survivors of first AMI. The reason for this pattern needs clarification. 


933 

A Prospective Study of Parental History of Myocardial 
Infarction and Coronary Artery Disease in Men 

Graham A. Colditz, Eric B. Rimm, Edward Giovannucci, Meir J. Stampfer, 
Bernard Rosner, and Walter C. Willett 


We prospectively examined the relation between a parental history of 
myocardial infarction (MI) and the risk of coronary artery disease (CAD) 
among 45,317 U.S. male health professionals who were free of diagnosed 
CAD and 40 to 75 years old in 1986. Subjects provided details of parental 
history of MI, including their parents’ ages at the first event, their personal 
history of hypertension, hypercholesterolemia and diabetes mellitus, and 
also completed a detailed dietary assessment at baseline. During 2-year 
follow-up, 181 nonfatal MIs were documented, 49 men died from MI or 
sudden death, and 140 underwent coronary artery surgery or angioplasty. 
Compared with men without any history of parental MI, those whose 
mothers or fathers had had an MI at <70 years of age had a substantially 
elevated risk of MI. Risk of MI increased with decreasing age at parental 
MI. Paternal but not maternal history of MI was related to an increased 
risk of coronary artery surgery. A history of MI in either parent is associ- 
ated with an increased risk of CAD among men. 
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Usefulness of Weightlifting Training in Improving Strength and 
Maximal Power Output in Coronary Artery Disease 

Neil McCartney, Robert S. McKelvie, David R. S. Haslam, and 

Norman L. Jones 


The effects of 10 weeks of combined weightlifting and aerobic training 
were compared with the effects of aerobic training alone on indexes of 
strength and aerobic exercise capacity in 18 men with coronary artery 


Continued on page A20 
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disease. The average increase in maximal weightlifting load was 29% in 
the combined training group versus 8% in the aerobic group. Maximal 
power output in cycle ergometry and endurance at 80% of pretraining 
maximum increased by 15 and 109%, respectively, in the combined group 
and were unchanged in the control group. Perceived leg exertion was also 
attenuated at cycling power outputs >50% of pretraining maximum in the 
combined training group. Combined weightlifting and aerobic training is 
more effective than aerobic training alone in increasing strength and 
exercise tolerance in exercise-conditioned patients with coronary artery 
disease. 
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Transient Myocardial Ischemia During Daily Life in Rest and 


Exertional Angina Pectoris and Comparison of Effectiveness of 
Metoprolol Versus Nifedipine 

Diego Ardissino, Stefano Savonitto, Kenneth Egstrup, Paolo Marraccini, 
Gianaugusto Slavich, Maurizio Rosenfeld, Giorgio A. Feruglio, Pierluigi 
Roncarolo, Mario P. Giordano, Inger Wahlqvist, Nina Rehnqvist, Paolo 
Barberis, Giuseppe Specchia, and Antonio L'Abbate 


The prevalence of myocardial ischemia during daily life was investigated 
in 65 patients with mixed angina classified according to their clinical 
history, exercise test, 24-hour Holter monitoring and coronary arteriogra- 
phy. At least 1 episode of ST-segment depression was observed in 29 of the 
65 patients during Holter monitoring. Ischemic episodes were more fre- 
quent in patients with >50% of anginal attacks on effort, moderate to 
severe limitation of exercise capacity and multivessel coronary disease. 
The initial pharmacologic approach was investigated in a randomized, 
double-blind, parallel group study comparing metoprolol, 200 mg once 
daily, and nifedipine retard, 20 mg twice daily, given for 6 weeks: meto- 
prolol significantly reduced ischemia during daily life irrespective of the 
patients’ clinical characteristics, while nifedipine was ineffective, particu- 
larly in patients with angina predominantly on effort and with reduced 
exercise capacity. It is concluded that ischemia during daily life is highly 
prevalent in patients with reduced coronary reserve and is effectively 
prevented by 8 blockade. 


953 


Relation of Stenosis Resolution Pressure to Long-Term Clinical 


Outcome After Successful Percutaneous Transluminal 
Coronary Angioplasty 

Randy K. Bottner, Curtis E. Green, Carolyn J. Ewels, and 
Kenneth M. Kent 


We postulated that the pressure required to inflate the balloon catheter 
completely (resolution pressure) during percutaneous transluminal coro- 
nary angioplasty (PTCA) may correlate with prognosis after successful 
PTCA. In 173 consecutive patients undergoing successful, elective, single- 
lesion PTCA, the resolution pressure was <2 atm in 48 (28%) (group 1) 
and >2 atm in 125 patients (72%) (group 2). There were no significant 
differences in baseline historical, anatomic or procedural variables be- 
tween the groups, except for a higher incidence of angiographically de- 
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monstrable coronary dissection in group 2 (p <0.007). During a mean 
follow-up of 12.0 + 6.1 months, the incidence of unstable angina and 
cumulative cardiac events (repeat PTCA, coronary artery bypass grafting 
or myocardial infarction) was significantly higher in group | than group 2 
(p <0.05). 
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Progression and Regression of Minor Coronary Arterial 
Narrowings by Quantitative Angiography After Fenofibrate 
Therapy 

Harry W. Hahmann, Thomas Bunte, Nicola Hellwig, Udo Hau, Dieter 
Becker, Jan Dyckmans, Hans E. Keller, and Hermann J. Schieffer 


The angiograms of 191 minor coronary lesions in 42 hypercholesterolemic 
patients were analyzed by quantitative coronary angiography, using com- 
puter-assisted contour detection. An intervention group of 21 patients (98 
stenoses) was treated with diet and fenofibrate and was checked every 6 
weeks concerning cardiovascular risk factors. After a mean intervention 
interval of 21 months, coronary angiography was repeated. At angio- 
graphic follow-up, stenoses of the intervention group, which had signifi- 
cantly regressed, were compared with those of an untreated comparison 
group (21 patients, 93 stenoses). We found regressions and progressions. 
Mean intervention serum and low-density lipoprotein cholesterol levels 
correlated significantly with changes in angiographic parameters. The 
intervention group had significantly better angiographic follow-ups than 
the untreated comparison group. These results indicate the beneficial 
effect of lipid-lowering therapy with fenofibrate on minor coronary le- 
sions. 


962 


Transtelephonic Electrocardiographic Monitoring of Cardiac 


Rehabilitation Exercise Sessions in Coronary Artery Disease 
Ray W. Squires, Todd D. Miller, Teresa Harn, Teresa A. Micheels, and 
Tobia A. Palma 


Transtelephonic monitoring of a single lead electrocardiogram was per- 
formed at 1,865 routine clinical practice exercise sessions for 67 patients 
with coronary artery disease. Exercise sessions took place either in the 
patients’ homes or at remote hospital sites. The transtelephonic monitor- 
ing equipment performed very reliably and a broad spectrum of cardiac 
patients participated, including some classified at higher risk. Patients 
exercised using a variety of equipment (cycle ergometer, treadmill, arm 
ergometer, cross country ski simulator, combination arm-leg cycle ergom- 
eter, rowing machine) for 30 to 50 minutes, with a frequency of | to 3 
times each week. No medical emergencies occurred, although 18 specific 
problems were identified that resulted in further evaluation. Transtele- 
phonic monitoring of routine cardiac rehabilitation exercise sessions at 
home or at remote hospitals appears safe and is attractive because many 
patients do not have access to supervised exercise programs. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


965 
Spectral Turbulence Analysis of the Signal-Averaged 
Electrocardiogram and Its Predictive Accuracy for Inducible 
Sustained Monomorphic Ventricular Tachycardia 

George J. Kelen, Raphael Henkin, Ann-Marie Starr, Edward B. Caref, 
Dennis Bloomfield, and Nabil El-Sherif 





A new technique for spectral analysis of relatively short, overlapping 
signal segments spanning the whole QRS complex was compared with 
conventional time-domain analysis of the signal-averaged electrocardio- 
gram for predicting patients with inducible sustained monomorphic ven- 
tricular tachycardia. The hallmark of arrhythmogenic abnormality was 
hypothesized to be frequent and abrupt changes in the frequency signature 
of the QRS wave front velocity as it propagates throughout the ventricle 
around areas of abnormal conduction, resulting in a high degree of spec- 
tral turbulence. Total predictive accuracy of frequency analysis in 142 
subjects was 94%, compared with 73% for time-domain late potential 
analysis. Spectral turbulence analysis is applicable to patients irrespective 
of QRS duration and the presence or absence of bundle branch block. 


BSUS TES MNES) SPE AN E V PS Saeed IRS TORE Mee pele AS 
Mortality in Patients Treated with Flecainide and Encainide for 
Supraventricular Arrhythmias 

Edward L.C. Pritchett and William E. Wilkinson 


Mortality in 579 patients treated for supraventricular arrhythmias with 
the class Ic antiarrhythmic drugs encainide (343 patients) and flecainide 
(236 patients) was compared with the mortality observed in a research 
arrhythmia clinic with 154 similar patients. Nine deaths occurred in the 
combined encainide-flecainide population and 10 in the clinic population. 
The 6-year survival functions of these 2 populations, estimated by the 
Kaplan-Meier technique, did not differ significantly (p = 0.62). This 
descriptive comparison did not demonstrate any excess mortality when 
flecainide and encainide were given to patients with supraventricular 
arrhythmias. 
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A Generalized Description of Wenckebach Behavior with 
Analysis of Determinants of Ventricular Cycle-Length 
Variation During Ambulatory Electrocardiography 

Joel M. Kupfer and Paul Kligfield 


An algebraic description was developed to relate RR interval behavior 
during Wenckebach block to PP variation as well as to incrementally 
changing PR intervals. Among 65 episodes of Wenckebach block recorded 
by ambulatory electrocardiography, only 20% demonstrated “classic” 
shortening of RR intervals, and the direction of RR variation during 
Wenckebach block was determined by changing PP intervals as often as 
by the pattern of PR interval change. 
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*CAPOTEN (captopril tablets) is indicated in patients with 

heart soe gs inci as nda a with 

diuretics and digitalis. Although the effect of captopril in 

heart failure does not require the presence of digitalis, most controlled 
eee pom as iw fia iae r padar fe tients receiving 

aswell as diuretic treatment. Consequently, CA ld ooo gene P 
added to both of these agents A Renh aeris portly tewhea 
otherwise not feasible. In using CAPOTEN, consideration Sbs be given to the 
risk of neutropenia/agranulocytosis. Use special j in patients with 
impaired renal function, collagen vascular disor or those exposed to other 
drugs known to affect the white blood cells or ‘cia response, Evaluation of 
heart failure patients should always include assessment of renal function. 

Please see INDICATIONS AND USAGE, CONTRAINDICATIONS, 

WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS in the 

brief summary on the adjacent page. 
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CA TARIE » PER T ENA E E Se A A OA S o CE 
Dyslipidemic Effects of Cigarette Smoking on Beta-Blocker- 
Induced Serum Lipid Changes in Systemic Hypertension 
Gregory P. Vyssoulis, Eva A. Karpanou, Christos E. Pitsavos, Marina A. 


-Toutouza, Athanasios A. Paleologos, and Pavlos K. Toutouzas 


To assess the effects of 8 blockers on lipids in smokers and nonsmokers, 
330 patients with systemic hypertension were studied after 1 month of 
placebo and 6 months of -blocker monotherapy. Total cholesterol in- 
creased in smokers with propranolol, atenolol, metoprolol and pindolol but 
decreased with celiprolol. In both smokers and nonsmokers, triglycerides 
increased with propranolol, atenolol and metoprolol: in contrast, triglycer- 
ides decreased with pindolol and celiprolol. High-density lipoprotein cho- 
lesterol decreased with propranolol, atenolol and metoprolol, but increased 
with pindolol and celiprolol. Similar trends were observed with low-densi- 
ty lipoprotein cholesterol and the total/HDL cholesterol ratio. Apolipo- 
protein A; decreased with propranolol, atenolol and metoprolol but in- 
creased with pindolol and celiprolol. Apolipoprotein B showed a trend in 
the opposite direction. It is concluded that noncardioselective 8 blockers 
appear to have significant dyslipidemic effects, particularly in smokers. 
Cardioselective drugs or drugs with partial agonist activity have milder 
dyslipidemic effects, whereas celiprolol, the first representative of a new 
class of 8 blockers that have vasodilating properties, has favorable lipid 
effects, minimizing the dyslipidemic effects of smoking. 


CONGESTIVE HEART FAILURE 


Se eae sa Pe Sania SS at a 
Sympathetic Responses of Patients with Congestive Heart 


Failure to Cold Pressor Stimulus 
Ron M. Oren, Paul J. Roach, Hans P. Schobel, William J. Berg, and David 
W. Ferguson, with the technical assistance of Joan S. Kempf 


The etiology of impaired baroreflex-mediated sympathetic responses in 
patients with heart failure is unclear and may be related to an inability to 
increase sympathetic neural outflow above markedly elevated baseline 
levels. To test this possibility, we compared hemodynamic and efferent 
muscle sympathetic nerve activity (microneurography) responses of nor- 
mal subjects (n = 10) and patients with congestive heart failure (n = 10) 
during the sympathoexcitatory stimulus of the cold pressor test. Hand 
immersion in ice water produced significant increases in arterial pressure, 
heart rate and sympathetic nerve activity in both groups. No significant 
relation was seen between the magnitude of the sympathetic neural re- 
sponse and the baseline levels of sympathetic nerve activity in either group. 
Thus, patients with heart failure have a preserved capacity for sympatho- 
excitation in response to a non-baroreflex stimulus. 
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Pediatric Cardiologist 


University of California, Irvine is seeking an aca- 
demically and clinically oriented BC/BE pediatric 
cardiologist at the Assistant/Associate Professor 
level with interest in Fetal and Transesophogeal 
Echo. We offer an unusually excellent benefits and 
compensation package commensurate with quali- 
fications and experience. Send CV and names/ 


SEEKING: addresses of three references to Richard E. 
his Swensson, M.D., Department of Pediatrics, Uni- 
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Active, four-person group seeks to expand their private 
practice with the addition of an Electrophysiologist. 
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Address: : e Opportunity to develop and direct the Electro- 

: physiology program 
suy; : @ Negotiable compensation package with full 
State: Zip: partnership potential 

' è Benefits include malpractice, disability and health 
Telephone with area code: e insurances, vacation, and CME 

: @ Three fully staffed and equipped offices offering 
Authorized signature: : ECG, stress testing, Holter monitor, 2D-ECHO 


e Affiliated with Kettering Medical Center and Wright 
State University Medical School in Dayton, Ohio 
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249 West 17th Street 
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A lot can go wrong with the human cardiovascular 
system. 

That’s why you need the Aloka SSD-870 
Cardiovascular Sector Scanner. 

Used in conjunction with Aloka’s advanced 
transesophageal probes, it raises diagnostic 
capability to a futuristic level while also greatly 
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frequency scanning 





® Max. 60 fps color image 
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Color Doppler, of course, provides an immediate 
visual understanding of blood flow. 
And Aloka’s unique color coding 
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Aloka is a leader in the development of A LQ 
transesophageal probes, including those which permit 3 HA 
f scanning of the aortic arch and monitoring of patients 
during surgery. ALOKA CO., LTD. 
For more information about the Aloka Cardiovascular Sector AE O A E 
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Bedside Diagnosis of Preserved Versus Impaired Left 
Ventricular Systolic Function in Heart Failure 

Jalal K. Ghali, Sunil Kadakia, Richard S. Cooper, and Youlian Liao 


To determine the frequency and clinical features of heart failure with 
preserved systolic performance, 82 patients, consecutively admitted for 
decompensated heart failure, were classified into 2 groups according to 
their left ventricular (LV) performance as defined by fractional shorten- 
ing: group I (n = 59), with impaired fractional shortening <24%), and 
group II (n = 23), with preserved LV systolic performance (fractional 
shortening, 224%). Female gender (p <0.05), obesity (p <0.01) and 
diastolic blood pressure =>105 mm Hg (p <0.05) predominated in group 
II, whereas jugular venous distention was identified more frequently in 
group I (p <0.05). The combination of a diastolic blood pressure 2 105 
mm Hg and absence of jugular venous distention has a high specificity and 
positive predictive value (100%) for identifying heart failure with pre- 
served LV systolic performance. Patients with preserved LV systolic per- 
formance compose a sizeable portion of patients with clinical heart failure. 
Identification of this group is possible at bedside with a combination of 2 
signs: diastolic blood pressure 2105 mm Hg and absence of jugular 
venous distention. 


VALVULAR HEART DISEASE 


1007 

Determination of Severity of Valvular Aortic Stenosis by 
Doppler Echocardiography and Relation of Findings to Clinical 
Outcome and Agreement with Hemodynamic Measurements 
Determined at Cardiac Catheterization 

Augusto Galan, William A. Zoghbi, and Miguel A. Quifiones 


We analyzed 510 consecutive patients with suspected aortic stenosis (AS) 
studied in our laboratory to determine the relation of Doppler findings to 
the clinical outcome of patients and the agreement between Doppler and 
cardiac catheterization in the assessment of AS severity. Adequate echo- 
cardiographic and Doppler examinations were obtained in 498 patients, or 
98% of the population. In 160 patients, Doppler demonstrated an aortic 
valve area <0.75 cm? or a peak jet velocity 24.5 m/s consistent with 
critical AS. In the subgroup with cardiac catheterization (n = 105), 
Doppler was 97% accurate. Aortic valve replacement or balloon valvulo- 
plasty was performed in 109 patients, 106 of whom were symptomatic. 
Noncritical AS was detected by Doppler in 327 patients, with 95% accura- 
cy in the subgroup with cardiac catheterization (n = 133). Aortic valve 
replacement was performed in 15 patients with symptoms of AS and valve 
areas assessed by Doppler to be between 0.76 and 0.80 cm?, or peak jet 
velocities >3.5 m/s. In 20 patients, aortic valve replacement was per- 
formed because of moderate to severe aortic regurgitation and, in 11 
elderly (>70 years old) patients with valve areas between 0.80 and 1.0 
cm2, valve replacement was performed at the time of coronary artery 
bypass surgery in an attempt to prevent the need for a repeat surgical 
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ACADEMIC CARDIOLOGIST—Assistant Professor position 
in the Division of Cardiology at the Harry S. Truman Memorial 
Veterans Hospital and the University of Missouri Health Sci- 
ences Center, Columbia, Missouri. The candidate must be 
board certified in internal medicine and certified or board eli- 
gible in cardiovascular diseases having completed at least 3 
years of postdoctoral training in cardiology. The position in- 
cludes attending responsibilities in clinical cardiology, where 
proficiency in critical care, ambulatory care, invasive cardiol- 
ogy, echocardiography with color flow imaging, and especial- 
ly stress and transesophageal echocardiography are re- 
quired. Special emphases are placed on teaching and 
experience in basic research. Salary is competitive and com- 
mensurate with experience. Respondents must presently be 
eligible for permanent employment in the U.S. Send CV and 3 
letters of recommendations to Jayendra H. Shah, MD, Chief, 
Medical Service, Harry S. Truman Memorial Veterans Hospi- 
tal, Room 467, 800 Hospital Drive, Columbia, MO 65201. 


CARDIOLOGIST—The Everett Clinic, a 90 physician multi- 
specialty group, is seeking BC/BE cardiologist, formally 
trained in all aspects of cardiac electrophysiology to asso- 
ciate with 6 person department. Clinic is 25 miles north of 
Seattle and has 3 rapidly expanding satellite offices. Ever- 
ett has 2 accredited hospitals with 188 and 222 beds. Op- 
portunity for exceptional personal/professional lifestyle. 
Position offers competitive salary with excellent benefits. 
Position available now. Send C.V. to Kirk H. Prindle, M.D., 
The Everett Clinic, 3901 Hoyt Avenue, Everett, WA 98201. 


WASHINGTON STATE 
INVASIVE CARDIOLOGIST 


ROCKWOOD CLINIC, P.S. a well established 80 
physician owned and operated multispecialty 
group seeks a BC/BE INVASIVE CARDIOLO- 
GIST. Training in angioplasty is required and ex- 
perience in pacemakers desirable. Advantages 
include: excellent call schedule; Heart Institute 
and academic affiliation; on-site non-invasive 
testing center (includes color flow doppler); an 
attractive benefit package leading to early 
shareholder status. High productivity is gener- 
ously rewarded. 


SPOKANE, WA (metropolitan population of 
350,000) offers a mild four season climate and 
a quality lifestyle! CONTACT: Colleen Mooney, 
Recruitment Coordinator (509) 838-2531. 


ROCKWOOD CLINIC, P.S. 


E. 400 Fifth Ave. 
Spokane, WA 99202 
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procedure in the future. We conclude that Doppler echocardiography is 
highly accurate in the assessment of AS severity. Its use should allow for a 
more conservative application of cardiac catheterization in these patients. 


|S, URES a armen ied ARSENE ey rate ARE SR 
Reproducibility of Doppler Echocardiographic Quantification of 
Aortic and Mitral Valve Stenoses: Comparison Between Two 
Echocardiography Centers 

Annette Geibel, Lothar Gérnandt, Wolfgang Kasper, and 

Peter Bubenheimer 


This study assessed the variability between results at 2 echocardiography 
centers, where 2-dimensional and Doppler echocardiography were used to 
quantify mitral and aortic valve stenosis in 42 patients. For all patients, a 
close relation was found between maximal and mean flow velocities over 
the stenotic valves. In patients with an aortic valve stenosis, observer 
variability was smallest for the flow velocity ratio determined by velocities 
measured in the left ventricular outflow tract and over the aortic valve (r = 
0.88; coefficient of variation, 0.01 + 0.009). In contrast, there was a poor 
correlation between the left ventricular outflow tract diameter and the 
aortic orifice area (r = 0.36 and 0.59). For the mitral valve orifice area, 
variability was 9.8% (2-dimensional echocardiography) and 5.7% (pres- 
sure half-time). These results underline the excellent reproducibility of 
Doppler echocardiographic measurements in patients with mitral and 
aortic valve stenoses. 


CARDIOVASCULAR PHARMACOLOGY 


re og i ek 
Concentration-Effect Relations of 5-Hydroxypropafenone in 
Normal Subjects 

Walter Emil Haefeli, Samuel Vozeh, Huy-Riém Ha, Walter Taeschner, and 
Ferenc Follath 


Electrocardiographic changes and blood pressure were evaluated in 6 
healthy extensive metabolizers after a single oral dose of 300 mg of 5- 
hydroxypropafenone, the main metabolite of the class IC antiarrhythmic 
agent propafenone, and placebo, respectively. Well-tolerated and rapidly 
absorbed, 5-hydroxypropafenone reached peak concentrations of 153 to 
337 ng/ml after 20 to 51 minutes, and its terminal half-life was substan- 
tially longer (506 to 963 min) than that of propafenone. To describe the 
relation between electrocardiographic changes and drug concentration at 
the effect site, a pharmacokinetic-pharmacodynamic model with a hypo- 
thetical effect compartment was applied. Significant prolongations of PQ 
and QRS durations were found in 5 of 6 subjects. Rate-corrected QT 
interval, blood pressure and heart rate in the supine position remained 
unchanged. However, standing blood pressure measurements revealed a 
significantly greater percent decrease in systolic blood pressure of the 
treated compared with the placebo group. We conclude that 5-hydroxy- 
propafenone exerts pharmacologic activity in humans as well as animals 
and that antiarrhythmic activity may be expected. 


Continued on page A40 
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No two are exactly alike. 


Because body chemistry 
differs from person to 
person, we often need 

a choice of drugs to 
treat the same illness. 


You've heard it said that no two 
snowflakes are exactly alike. 
The variety is endless. Much 
the same is true of the human 
body. 


Take the case of two patients 
suffering from hypertension. 
Both under the care of the same 
physician, who prescribes the 
same medication for each. One 
patient responds to the medi- 
cation while the other reports 
unpleasant side-effects. Thanks 
to the diversity of drugs avail- 
able to treat this illness, the doc- 
tor is able to prescribe another 
medicine that works without 
the side effects. 

To maintain the high standards 
of quality care, and because 
some drugs work better than 


others on different people, it is 
essential to have this diversity. 


America's research-based phar- 
maceutical companies are com- 
mitted to providing a wide 
range of drugs of the highest 
quality to serve the public. 
Why? Because the public is 
made up of different people 
requiring different treatment— 
even when they suffer from the 
same illness. 


Pharmaceutical 
Manufacturers 


Association 


IF A NEW MEDICINE CAN HELP 
WE’RE WORKING ON IT. 
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Comparison of Effects of Thrombolytic Therapy 
on Left Ventricular Function in Patients 
Over with Those Under 60 Years of Age 


Harvey White, MB, David Cross, MB, Margaret Scott, and Robin Norris, MD 


This study examined the effect of age on left 


ventricular (LV) function, assessed by contrast 
ventriculography 3 weeks after a first acute 
myocardial infarction in 312 patients who re- 
ceived thrombolytic therapy within 4 hours of 
the onset of infarction and in 83 patients who re- 
ceived placebo. Streptokinase was given to 188 
patients and recombinant tissue-type plasmino- 
gen activator (rt-PA) to 124. Patients were di- 
vided into 2 age groups: <60 years (n = 244) 
and 260 years (n = 151). Thrombolytic therapy 
improved ejection fraction in both age groups: 
from 54 + 13 to 59 + 11% (p = 0.021) in the 
younger group and from 50 + 14 to 57 + 13% 
(p = 0.004) in the older group. Ejection fraction 
was identical in streptokinase- and rt-PA-—treat- 
ed patients. Multifactor analysis of variance re- 
vealed that younger age and thrombolytic thera- 
py were independently associated with improved 
ejection fraction. Thrombolytic therapy also re- 
duced end-systolic volume (p = 0.001) by 14 mi 
in the elderly and 9 ml in the younger group. Mi- 
nor bleeding complications were more frequent 
in the elderly and 3 serious hemorrhages oc- 
curred in patients >60 years. These findings re- 
veal that thrombolysis improves LV function in 
all age groups studied. Because increasing age is 
independently associated with a lower ejection 
fraction after acute myocardial infarction, 
thrombolytic therapy may confer greater bene- 
fits in older patients. 

(Am J Cardiol 1991;67:913-918) 
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DOD AGES 


ortality after acute myocardial infarction is 
M higher in elderly patients than in young pa- 
tients.!-? Elderly patients also have a higher 
incidence of cardiac rupture,* congestive heart failure 
and cardiogenic shock.!-> The greater incidence of 
complications may relate to a number of factors, in- 
cluding previous myocardial infarction, more severe 
coronary artery disease, a higher frequency of systemic 
hypertension and impaired healing. Large controlled 
trials of thrombolytic therapy have shown that elderly 
patients benefit from the same percent reduction in 
mortality as younger patients.^ 8 However, because the’ 
elderly have a higher mortality untreated, the absolute 
mortality benefit is greater than in younger patients. 
Left ventricular (LV) function has consistently been 
shown to be the major prognostic factor after recovery 
from myocardial infarction, both before and since the 
advent of thrombolytic therapy.?-!! Placebo-controlled 
studies of thrombolytic therapy have generally shown 
preservation of LV function.!*-29 To determine whether 
thrombolytic therapy has differing effects on LV func- 
tion in older compared with younger patients, we exam- 
ined the effects of age and thrombolytic therapy on 
ejection fraction and end-systolic volume, assessed by 
contrast ventriculography 3 weeks after a first myocar- 
dial infarction. 


METHODS 

Patients: The study group comprised patients en- 
rolled in 2 trials of thrombolytic therapy.!??! All pa- 
tients presented with a first myocardial infarction and 
were randomized within 4 hours of the onset of typical 
ischemic chest pain of >30 minutes’ duration. Electro- 
cardiographic criteria for inclusion were ST-segment el- 
evation of 21 mm in the limb leads or leads V4 to Ve, 
or 2 mm of ST elevation in leads V; to V3. Changes 
were required in 22 contiguous leads. Patients were 
excluded from randomization if they had a known 
hemorrhagic diathesis, previous stroke, peptic ulcer- 
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ation within 6 months, previous genitourinary bleeding, 
were taking anticoagulants, were hypertensive (200 
mm Hg systolic), or had undergone recent (within 2 
weeks) surgery or trauma. Patients with cardiogenic 
shock were not excluded. Patients were divided into 2 
groups, | aged <60 years and the other 60 to 70 years. 
This empiric division was prospectively defined before 
data analysis and chosen to produce groups of compa- 
rable size. These studies were approved by the ethics 
committees of the 4 participating hospitals. 

Procedure: Thrombolytic therapy or placebo was 
administered in a double-blind manner. Placebo or 1.5 
million U of streptokinase was infused over 30 minutes 
and a 10-mg bolus followed by 90 mg of recombinant 
tissue-type plasminogen activator (rt-PA) or placebo 
was infused over 3 hours. Aspirin (50 mg/day) and 
dipyridamole (400 mg/day) were begun on admission. 
Heparin was infused 30 minutes after commencement 
of the blinded infusion at 1,000 U/hour and continued 
for 48 hours. The dose was adjusted to keep the activat- 
ed partial thromboplastin time between 90 and 110 sec- 
onds. 

Cardiac catheterization was performed 3 weeks af- 
ter infarction. Earlier catheterization was performed 
only if patients had severe postinfarction angina uncon- 
trollable by medical management. Coronary artery dis- 
ease was assessed by a scoring system based on stenoses 
and the amount of myocardium supplied.? Myocardial 
score counts both occluded and patent arteries and is 
scored out of 15. A score of 5 approximates 1-vessel 
disease and a score of 10 approximates 2-vessel disease. 
Stenosis score is the amount of myocardium supplied 
by coronary arteries with 250% diameter stenoses. Pa- 
tency of the infarct-related artery was classified accord- 
ing to Thrombolysis in Myocardial Infarction (TIMI) 
criteria.22 Ventricular volumes and ejection fractions 
were calculated from the right anterior oblique ventric- 
ulogram by a modified area-length method.’ All anal- 
yses were made by experienced cardiac radiologists 
blinded to treatment allocation. 

Statistical considerations: Continuous variables are 
expressed as mean + standard deviation. Univariate 
comparison of continuous variables is by 1-way analysis 
of variance and categorical variables are compared by 
the chi-square test with Yates correction for continuity 
in 2 X 2 tables. All p values reported are 2-tailed. 

The relations between the 2 primary classifying 
variables (age <60 or =60 years; active thrombolytic 
therapy or placebo) and the dependent variables of LV 
volume and ejection fraction were assessed by multifac- 
tor analysis of variance. In view of the differing baseline 
characteristics of patients in the 2 age groups, all base- 
line characteristics examined (sex, site of infarction, 
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body surface area, history of hypertension, diabetes 
mellitus, claudication or angina, cigarette smoking, and 
prior treatment with 8 blockers and calcium antago- 
nists) were entered into a stepwise variable selection 
multiple linear regression model, and those variables as- 
sociated with a particular dependent variable entered as 
covariates in the final multifactor analysis of variance 
and covariance. Age was entered as both a continuous 
and dichotomous variable. All possible 2-way interac- 
tions were examined. 


RESULTS 

Four-hundred forty-two patients with a first infarc- 
tion were entered into the 2 thrombolytic trials.!4? 
Two-hundred sixty-four were aged <60 years and 178 
>60 years. The thrombolytic agent was streptokinase 
in 214 patients, rt-PA in 135, and 93 received placebo. 
Left ventriculograms were available for analysis from 
395 patients (89%). Twenty-six patients died before 
cardiac catheterization could be performed, 19 declined 
to have cardiac catheterization, and 2 ventriculograms 
were technically inadequate. The mean age of the pa- 
tients without adequate ventriculography was 58 + 10 
years and 27 patients were 260 years of age. 

Baseline characteristics of patients with ventriculo- 
grams are listed in Table I. Important differences exist- 
ed between the 2 age groups. Older patients were more 
frequently female, had smaller body surface areas and 
were less likely to smoke cigarettes. 

Findings at cardiac catheterization: Table II lists 
cardiac catheterization findings for patients aged <60 
and 260 years receiving thrombolytic therapy or place- 
bo. Multifactor analysis of variance revealed that both 
younger age (p = 0.04) and thrombolytic therapy (p = 
0.0001) were independently associated with improved 
ejection fraction. Although the absolute benefit in ejec- 
tion fraction with thrombolytic therapy was greater in 
older patients (7.5 vs 4.3%), there was not a statistically 
significant interaction between age and thrombolytic 
therapy (p = 0.38). The only baseline variable signifi- 
cantly associated with ejection fraction was the site of 
infarction (anterior worse than inferior, p <0.0001). 
Correction for this covariate did not alter the relations 
among age, thrombolytic therapy and ejection fraction. 
The mean ejection fraction was identical in patients re- 
ceiving streptokinase and rt-PA. 

Thrombolytic therapy significantly reduced end-sys- 
tolic volume (p = 0.001), an effect observed in both 
age groups. There was no relation between age and 
end-systolic volume on univariate or multivariate analy- 
sis. Of the other baseline characteristics, lower body 
surface area and inferior rather than anterior infarction 
were both associated with a lower end-systolic volume 


Ye 


TABLE I Baseline Characteristics at Three-Week Ventriculography 


Age <60 years 


Placebo Active 

n 

M (%) 

F (%) 

Age (yr) 

Past history (%) 
Hypertensiont 
Diabetes mellitus 
Claudication 
Anginat 

Smoking’ 

8 blockers’ 

Calcium antagonists“ 

Infarct location 
Anterior (%) 

Inferior (%) 
Body surface area (m°) 


* All patients aged <60 vs all >60 years. 

t History of treated hypertension. 

t Angina for >3 months before infarct. 

$ Cigarette, pipe or cigar smoker at time of admission. 
* Taking drug regularly before admission. 


Age 60 to 70 years 


Placebo Active 


TABLE ll Left Ventricular Function at Three-Week Catheterization 


Age <60 years 


Placebo 
(n= 48) 


Active 
(n = 196) 


Ejection fraction (%) 
End-systolic volume (ml) 
End-diastolic volume (ml) 
Infarct artery patency* 
Stenosis score 


Age 260 Years 


Placebo 
(n = 35) 


Active 
(n= 116) 


* Patency of the infarct-related artery according to Thrombolysis in Myocardial Infarction criteria: O-1 = occluded, 2-3 = patent. 


(p <0.0001 in both cases). Correction for these covar- 
iates did not alter the relations among age, thrombolyt- 
ic therapy and end-systolic volume. 

End-diastolic volume was not affected by thrombo- 
lytic therapy. On univariate testing, older age was asso- 
ciated with smaller LV end-diastolic volumes (<60 vs 
260 years, p = 0.005, as continuous variable r = 
—0.18, p = 0.0003). Older patients were, however, 
more frequently female and were also significantly 
smaller. Body surface area was positively correlated 
with end-diastolic volume (r = 0.42, p <0.00001 ) and, 
after correction for this covariate, neither age (p = 
0.36) nor any other baseline variable was associated 
with end-diastolic volume. 

Older patients had more extensive coronary artery 
disease as assessed by our scoring system. There was no 
difference in the incidence of a patent infarct-related 
artery in younger and older patients, but myocardial 
score was 8.7 + 2.5 in patients aged >60 years and 7.6 





+ 2.8 in patients aged <60 (p <0.0001 ). Stenosis score 
(reflecting the extent of myocardium supplied by ste- 
notic vessels) was also higher in the older age group 
(8.4 + 4.1 vs 6.5 + 4.3; p <0.001). 

Hemorrhage and allergy: All major hemorrhagic 
events occurred in patients aged 260 years. Two 
patients (0.5%) died of intracerebral bleeding after 
thrombolytic therapy. One patient developed intracere- 
bral bleeding at multiple sites 13 hours after rt-PA 
therapy and another patient who initially received 
streptokinase had an intracerebellar hemorrhage several 
hours after receiving rt-PA for threatened reinfarction 
8 days later. One further patient required splenectomy 
for a subcapsular hematoma after rt-PA. Minor hem- 
orrhage occurred in 32 patients, with gastrointestinal 
bleeding (blood-streaked vomitus or melena) in 4%, he- 
maturia in 0.6%, and cutaneous or soft-tissue bleeding 
in 4.6%. Minor bleeding occurred more frequently in 
the elderly (14.5 vs 5.6%, p = 0.009). 
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TABLE Ill Age and Risk of Early Death After Thrombolytic 
Therapy 


Absolute 
Mortality 
Reduction 
Per Thousand 
Patients 
Treated 


Control Agent 
Study 


(follow-up) 


Age 
(yr) n 


% n % 
GISSI-1° (21 days) i 


Streptokinase 


<65 3,784 8% 3824 6% 20 
66-75 1,442 18% 144 17% 15 


275 623 33% 592 29% 42 


ISIS-2© (1 month) Streptokinase 


<60 3,856 6% 3864 4% 16 
60-69 3,023 14% 3,033 11% 38 
2/0 1716 22% 1,695 18% 34 


Streptokinase and Aspirin 


<60 
60-69 
270 


1924 6% 
1524 16% 
852 24% 


1938 4% 25 
1500 9% 70 
854 16% £80 


ASSET’ (1 month) 


<55 
56-65 
66-75 


745 4% 
896 8% 
852 16% 


748 4% 
963 6% 
827 11% 
AIMS§® (30 days) APSAC 


4% 21 
10% 


<60 379 6% 
60-70 254 21% 


Superscript numerals refer to reference list. 

AIMS = APSAC Interventional Mortality Study; APSAC = anisoylated plasminogen 
streptokinse activator complex; ASSET = Anglo-Scandinavian Study of Early Throm- 
bolytic Therapy; GISSI-1 = Gruppo Italiano per lo Studio della Streptochinasi nell'In- 
farcto miocardio; ISIS-2 = Second International Study of Infarct Survival; rt-PA = 
recombinant tissue-type plasminogen activator. 


372 
292 





Minor allergic reactions (rash or fever and rigors) 
occurred in 3.3% of patients receiving streptokinase. No 
anaphylactic reactions or severe delayed reactions were 
observed. 

Mortality and reinfarction: Twenty-five patients 
died within 30 days of the index infarction, 17 (4.9%) 
after thrombolytic therapy and 8 (8.6%) in the placebo 
group. The mortality in patients aged <60 years was 
4.5%, compared with 7.3% in patients 260 (p = 0.31). 

Reinfarction occurred within 30 days of index in- 
farction in 25 patients. The incidence was similar in 
patients aged <60 (5.7%) and =60 years (5.6%). 

Angioplasty and surgery: Fifteen patients (3.4%) 
underwent coronary angioplasty or bypass surgery 
within 30 days of thrombolytic therapy, with identical 
intervention rates in both age groups. 


DISCUSSION 

This study evaluated the effects of age and throm- 
bolytic therapy on LV function after a first myocardial 
infarction. Thrombolytic therapy significantly improved 
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LV ejection fraction, by 4.3% in younger patients and 
7.5% in older patients. Multivariate analysis revealed 
that older age was independently associated with lower 
ejection fraction. End-systolic volume was also reduced 
in elderly patients who received thrombolytic therapy, 
and we have previously shown that end-systolic volume 
is a more important prognostic factor than ejection 
fraction after myocardial infarction.? A limitation of 
the current study is that patients >70 years of age were 
not included. 

Age is an important prognostic factor after myocar- 
dial infarction. In the Worcester Heart Attack 
Study,” the overall hospital mortality was 5% for pa- 
tients aged <55 years, 7.9% for those aged 55 to 64 
years, 16.1% for those aged 65 to 74 years, and 32.1% 
for those aged 275 years. The elderly also have an in- 
creased incidence of complications after myocardial in- 
farction.'~+ Possible causes include a higher prevalence 
of systemic hypertension, diabetes mellitus and preex- 
isting angina in the elderly.? Elderly patients in our 
study had more extensive coronary artery disease, 
which may impair noninfarct zone contractility. Elderly 
patients may also have relatively more LV dysfunction 
due to impaired healing. i 

Most thrombolytic trials in patients with acute myo- 
cardial infarction have restricted randomization on the 
basis of age because of concern about the possibility of 
an increased risk of hemorrhage in the elderly, based on 
experience of the bleeding complications of heparin? 
and an increase of major hemorrhage in elderly 
women receiving streptokinase in an early observational 
study.?5 However, 2 large trials of intravenous strepto- 
kinase, the Gruppo Italiano per lo Studio della Strepto- 
chinasi nell’ Infarto Miocardio$ (GISSI-1) and the Sec- 
ond International Study of Infarct Survival (ISIS-2)6 
had no age limit. In GISSI-1, 35% of patients were 
aged =65 years and 10.4% 275 years and, in ISIS-2, 
3,411 patients aged =70 years were randomized. Hem- 
orrhagic complications were not increased in the elderly 
in either trial.>-26 

Information on hemorrhagic complications with rt- 
PA in the elderly is available from the Thrombolysis 
and Angioplasty in Myocardial Infarction (TAMI)?’ 
and TIMI? trials, although both restricted entry to pa- 
tients aged <76 years. Both studies entailed early car- 
diac catheterization, and bleeding was largely related to 
arterial puncture sites. Multiple regression analysis was 
used to determine risk factors for hemorrhagic compli- 
cations in the TAMI trial,” in which 150 mg of rt-PA 
was administered. Factors associated with increased 
bleeding risk were invasive procedures (angioplasty or 
balloon pump insertion), female gender, smaller size 
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and older age. In the TIMI trial,*® factors associated 
with increased bleeding risk were dose of rt-PA per 
kilogram of body weight, age and elevated diastolic 
blood pressure. These results suggest that hemorrhagic 
complications might be reduced by adjusting rt-PA 
dose for body weight. 

The GISSI-2 and international study group trials?’ 
demonstrated an excess of stroke in the elderly and in 
patients receiving rt-PA rather than streptokinase. The 
difference between rt-PA and streptokinase was mainly 
due to a higher incidence of stroke in patients aged 
270 years receiving rt-PA (2.7%) compared with 
streptokinase (1.6%). The incidence of hemorrhagic 
complications in various age groups has not been re- 
ported. 

Table [II lists the mortality and the absolute mortal- 
ity reduction in 4 large controlled trials of thrombolytic 
therapy. The relative benefit of thrombolysis is similar 
in all age groups but, because of the high mortality of 
elderly patients in the control groups (16 to 33%), the 
absolute mortality benefit is much greater in older pa- 
tients. The difference in absolute mortality benefit be- 
tween younger and older age groups ranges from two- 
fold to tenfold. In the ISIS-2 study,® aspirin further 
reduced mortality in the treatment group, particularly 
in patients aged >60 years, without increasing the risk 
of hemorrhage or stroke. There has been no random- 
ized study of the effect on mortality of aspirin in con- 
junction with rt-PA. 

Our study shows that thrombolytic therapy is at 
least as effective in preserving LV function in elderly 
patients as it is in younger patients. Limitation of LV 
damage should enable the quality of life of those surviv- 
ing infarction to be maintained, and also enhance long- 
term survival. Advanced age alone should not be con- 
sidered a contraindication to thrombolytic therapy. 
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Prediction of Death and Myocardial Infarction by 
Radionuclide Angiocardiography in Patients with 
Suspected Coronary Artery Disease 


Scott H. Johnson, MD, Carol Bigelow, PhD, Kerry L. Lee, PhD, 
David B. Pryor, MD, and Robert H. Jones, MD 





The prognostic value of radionuclide angiocardi- 
ography was examined in patients with suspect- 
ed coronary artery disease. Nine hundred and 
eight patients who underwent rest and exercise 
radionuclide angiocardiography without subse- 
quent cardiac catheterization were followed for a 
median of 4.6 years. Fifty-two cardiovascular 
deaths and 28 nonfatal myocardial infarctions 
occurred during the follow-up period. Thirty-nine 
radionuclide angiocardiographic and clinical vari- 
ables were analyzed in association with the end 
points of cardiovascular death, total cardiac 
events and death from all causes using the Cox 
proportional hazards model and Kaplan-Meier 
survival estimates. Univariable analysis identi- 
fied the exercise ejection fraction as the best 
predictor of cardiovascular death (chi-square = 
82), total cardiac events (chi-square = 84) and 
death from all causes (chi-square = 66). A small 
subset of patients (n = 45) with an exercise ejec- 
tion fraction <0.35 were at high risk for future 
cardiac events, whereas most patients (n = 776) 
had an exercise ejection fraction >0.50 and a 
low probability of a subsequent event. Three 
variables— the exercise ejection fraction, the 
exercise change in heart rate, and gender— 
contained independent prognostic information 
determined by multivariable analysis. The exer- 
cise ejection fraction was the strongest indepen- 
dent predictor (p <0.0001) for every end point. 
The measurement of ventricular function during 
exercise provides important independent prog- 
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nostic information in patients with suspected 
coronary artery disease. Radionuclide angiocar- 
diography successfully identifies patients requir- 
ing invasive assessment, and the low probability 
of cardiac events in patients with good exercise 
ventricular function obviates the need for inter- 
ventional therapy. 

(Am J Cardiol 1991;67:919-926) 


patients with the clinical diagnosis of stable coro- 

nary artery disease (CAD) remains a major clin- 
ical challenge. Coronary anatomy defined by cardiac 
catheterization provides important prognostic informa- 
tion but is most appropriately applied to patients likely 
to need interventional therapy. Previous studies have 
identified the left ventricular ejection fraction measured 
by radionuclide angiocardiography during exercise to 
be an important determinant of future cardiac events.! 
Exercise left ventricular function provided independent 
prognostic data in addition to that implied by left ven- 
tricular function at rest and coronary anatomy obtained 
by cardiac catheterization. Patients with clinical indica- 
tions for cardiac catheterization represent a population 
with a high prevalence of CAD. Conclusions drawn 
from observations in a population that has undergone 
cardiac catheterization cannot be generalized to the 
larger population of patients who do not undergo such a 
procedure. It is in this very large population with sus- 
pected CAD that a noninvasive test for risk stratifica- 
tion should be applied. This investigation examines the 
hypothesis that a rest and exercise radionuclide angio- 
cardiogram provides important prognostic information 
in patients who do not undergo cardiac catheterization 
near the time of noninvasive examination. 


Preis of myocardial infarction and death in 


METHODS 

Study population: Between January |, 1978, and 
June 30, 1984, a total of 2,153 patients were evaluated 
for suspected CAD by rest and exercise radionuclide 
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angiocardiography at Duke University Medical Center. 
The 943 patients who did not undergo cardiac catheter- 
ization in the 90 days before, nor within 90 days after 
radionuclide angiocardiography, represent the study 
population. For most study patients, the clinical indica- 
tion for noninvasive testing was the evaluation of sus- 
pected CAD. In some instances the clinician was rea- 
sonably certain of the presence of CAD and desired 
physiologic characterization. In other patients radionu- 
clide angiocardiography was performed at the request 
of the patient because of fear of CAD or before begin- 
ning a program of exercise conditioning. Thus, the 
study population is heterogeneous but typical of that 
frequently seen in daily practice where concern for the 
presence of CAD is appropriate. Other concerns influ- 
enced the decision not to perform cardiac catheteriza- 
tion. The responsible physican judged some patients to 
not have CAD. Other patients were thought to have 
ventricular function too poor to permit safe interven- 
tional therapy. However, the most common reason for 
delayed or no catheterization was the impression that 
the level of severity of disease did not justify more ag- 
gressive management. 

Radionuclide angiocardiography: Rest and exercise 
radionuclide angiocardiography was obtained by a stan- 
dard first-pass technique in each patient.” Whenever 
possible, 8 blockers were discontinued 48 hours before 
the study. Subjects were seated in the erect position on 
a bicycle ergometer, and a radionuclide angiocardio- 
gram at rest was obtained by intravenous injection 
of a 15-mCi bolus of technetium-99m _pertechnetate. 
Counts were recorded at 25-ms intervals for a 30-sec- 
ond period using a multicrystal gamma camera (Sys- 
tem Seventy-Seven, Baird, Inc.). Exercise was begun at 
a work load of 200 kpm/min and was increased by 
100-kpm/min increments every minute until an exer- 
cise end point was achieved. Exercise continued until 
end points of pain suggestive of myocardial ischemia, 
electrocardiographic evidence of ischemia, severe fa- 
tigue or shortness of breath, or achievement of 85% of 
the predicted maximal heart rate were attained. At the 
onset of any of these end points, an exercise radionu- 
clide angiocardiogram was recorded using a second bo- 
lus injection of 15 mCi of technetium-99m, and exer- 
cise was continued for 30 additional seconds of data 
acquisition. All radionuclide angiocardiography data 
were processed using software developed at this institu- 
tion. This techniqtie has been shown to provide repro- 
ducible and accurate measurements of left ventricular 
function.? 

Baseline clinical characteristics, including age, sex, 
and character of chest pain, were collected from all pa- 
tients at the time of radionuclide angiocardiography. 


920 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 


Chest pain was divided into 4 categories: typical angi- 
na, atypical angina, nonanginal, and asymptomatic. 
Typical angina was defined as substernal chest pain 
brought on by exercise and relieved by rest or nitroglyc- 
erin. Atypical angina was described when | or more 
features of typical angina were missing. Chest pain was 
considered nonanginal when no features of typical angi- 
na were present. 

Data: Follow-up information was initially obtained 
from 3 separate sets of mailed questionnaires followed 
by telephone contact. Information not directly available 
from the patient was obtained from the referring physi- 
cian when possible. Cause of death determinations were 
confirmed from hospital records or vital statistics. The 
data for 908 patients were analyzed in this investigation 
and provided a follow-up rate of 96%. 

The end points examined included cardiovascular 
deaths, total cardiac events and deaths from all causes. 
The criteria used to classify deaths as cardiovascular 
included cerebrovascular and sudden deaths, as well as 
those due to myocardial infarction or congestive heart 
failure. Deaths of unclear etiology were categorized as 
cardiovascular. Determinations of death from all causes 
were made without knowledge of radionuclide angio- 
cardiographic information. Total cardiac events includ- 
ed the sum of cardiovascular deaths and nonfatal myo- 
cardial infarctions. A nonfatal myocardial infarction 
was defined by patient history and was verified from 
diagnoses of the treating hospital staff without rigid 
electrocardiographic or enzyme criteria. 

Statistical analysis: The associations between the 39 
variables measured at the time of radionuclide angio- 
cardiography (Table I) and the 3 outcome events were 
descriptively examined for statistical significance using 
Kaplan-Meier survival estimates* and the Cox propor- 
tional hazards regression model.>© For each end point, 
the dependent variable was defined as the time to event 
or time to last contact where no event had occurred. In 
patients with multiple cardiac events, the dependent 
variable was the time to the first event. Univariable as- 
sociations with the 3 end points were determined for 
each variable by fitting a single degree of freedom rela- 
tion with the Cox proportional hazards model. Tests of 
the proportional hazards assumption were included as 
part of this analysis. Multivariable Cox model regres- 
sion analyses were then performed to assess the inde- 
pendent information content of these predictors.’* 

The number of variables analyzed as potential cor- 
relates of prognosis was numerous. Therefore, a 2-step 
multivariable approach was used to reduce the chances 
of detecting a spurious association with the follow-up 
outcomes. The 39 variables measured at the time of 
radionuclide angiocardiography were first grouped into 


Yo 


5 categories with the variables in each category reflect- 
ing similar physiology (Table I). For each category, 
preliminary multivariable models were estimated for 
the prediction of the 3 end points. Because the variables 
within each of the 5 categories reflected similar physiol- 
ogy and, therefore, comparable prognostic information, 
the result of this preliminary multivariable model devel- 
opment was an objective reduction in the number of 
candidates for our final prognostic models. Variables 
achieving a significance level of <0.05 in these analyses 
were included in the second and final multivariable 
analysis. The final multivariable models, 1 for each end 
point, provided a statistical analysis of the relative prog- 
nostic information contained in variables reflecting dis- 
tinct physiology. It is possible that >1 synergistic effect 
of variables on prognosis may have been missed by this 









TABLE I Variables Measured at the Time of Radionuclide 
Angiocardiography by Subgroup 






Contractility measurements 
Rest ejection fraction 
Exercise ejection fraction 
Exercise change in ejection fraction 
Rest contractility* 

Exercise contractility* 

Exercise change in contractility* 

Rest end-systolic volume 

Exercise end-systolic volume 

Exercise change in end-systolic volume 
Rest stroke volume 

Exercise stroke volume 

Exercise change in stroke volume 
Segmental wall motion abnormalities 

Preload measurements 
Rest end-diastolic volume 
Exercise end-diastolic volume 
Exercise change in end-diastolic volume 

Afterload measurements 
Rest diastolic blood pressure 
Exercise diastolic blood pressure 
Exercise change in diastolic blood pressure 
Rest systolic blood pressure 
Exercise systolic blood pressure 
Exercise change in systolic blood pressure 

Heart rate measurements 
Rest heart rate 
Exercise heart rate 
Exercise change in heart rate 
Rest cardiac output 
Exercise cardiac output 
Exercise change in cardiac output 

Clinical and exercise stress measurements 
Age 
Gender 
Character of chest pain 
Use of 6 blockers 
Exercise time 
Adequate exercise end point 
Maximum work load 
Exercise-induced angina 
Exercise-induced electrocardiographic changes 
Exercise stopped due to dyspnea 
Exercise stopped due to fatigue 


* Contractility defined as peak systolic blood pressure /end-systolic volume. 

















































2-step method of model development. However, this 
approach minimized the loss of information inherent to 
variable selection, while at the same time imposed some 
control of the overall type I error rate. No adjustment 
for multiple comparisons was made in the reporting of 
any significance levels. 


RESULTS 

The 908 patients ranged from 18 to 79 years (medi- 
an 53) at radionuclide angiocardiography. Most of the 
patients were men (65%, n = 589). Typical angina 
brought on by exercise and relieved with rest was noted 
in 224 patients (25%). Atypical angina was found in 
483 patients (53%), and no chest pain, or chest pain 
judged by the physician to be nonanginal in origin, was 
observed in 201 patients (22%). 

The study population had a median follow-up time 
of 4.6 years with a minimum of 4 months and a maxi- 
mum of 7.2 years. Seventy deaths were documented, 
and 52 met the criteria for a cardiovascular death. 
Thirty-two patients sustained >1 nonfatal myocardial 
infarction. A total of 80 patients had >1 cardiac event. 

Univariable analysis identified the exercise ejection 
fraction as the strongest predictor of future events for 


TABLE II Univariable Associations—Chi-Square Statistics* 


Total Death— 
Cardiovascular Cardiac All 


Variable Death Events Causes 


Ex. EFT 

Rest EFT 

Ex. contractility 

Rest contractility 

Rest end-diastolic volume 

Ex. wall motion 

Ex. end-diastolic volumet 

Ex. change in cardiac output? 

Ex. cardiac output 

Ex. change in end-diastolic volume! 24 

Ex. change in heart rate! 21 

Ex. stroke volume 14 

Aget 12 

Ex. heart rate 8 

Ex. change in systolic blood 7 
pressure 

Gendert 

Ex. change in stroke volume 

Ex. time 

Rest heart rate 

Rest stroke volume 

Ex. ECG changes 

Ex. change in EF 

Typical anginat 

Ex. systolic blood pressure 

Ex. change in end-systolic volumet 

Ex.-induced angina 
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* 1 degree of freedom. 

t Indicates variable selected for final multivariable analysis. 

Chi-square statistics reflect likelihood of variable association with specific follow-up 
outcomes without accounting for the effect of other variables. Chi-square >3.84, 
p <0.05. 

ECG = electrocardiographic; EF = ejection fraction; Ex. = exercise. 
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all 3 end points (Table II). Stratification of the study 
population by exercise ejection fraction into 8 groups of 
10 cardiovascular events each revealed a higher ob- 
served event rate in groups with lower exercise ejection 
fractions (Figure 1). These event rates were not adjust- 
ed for the period of observation. 

The exercise ejection fraction was clearly a powerful 
predictor of all 3 outcomes (Figure 2). In this study 
population, the empirical risk of an event increased 
markedly as the exercise ejection fraction fell below 
0.35. Although only 45 patients (5%) had an exercise 
ejection fraction <0.35, 23 (33%) of the 70 deaths oc- 
curred in this subgroup. The Kaplan-Meier estimate of 
the event-free rate at 4 years was 0.95 + 0.01 for pa- 
tients with exercise ejection fraction values 20.50, in 
contrast to an estimated event-free rate of 0.43 + 0.08 
for patients whose exercise ejection fraction was <0.35. 
Smoothed estimates of predicted cardiovascular death 
and total cardiac event rates, based on the fit of uni- 
variable Cox models, suggested that patients whose ex- 
ercise ejection fractions were <0.50 were at markedly 
increased risk of cardiovascular death or nonfatal myo- 
cardial infarction during each of the 4 years examined 
(Figure 3). The proportional hazards assumption was 
satisfied for the exercise ejection fraction as a predictor 
of all 3 outcomes for the entire duration of follow-up. 

Other variables demonstrated strong univariable as- 
sociations (Table I). Twenty-six of the variables ana- 
lyzed were significant (p <0.05) predictors of future 
events for at least 1 end point, and 16 variables were 
significant predictors for all 3 end points. The contrac- 
tility subgroup contained the variables with the stron- 
gest association with future events. In addition to the 
exercise ejection fraction, the rest ejection fraction and 
exercise wall motion abnormalities exhibited strong 
prognostic value. 


80 
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% 40 
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FIGURE 1. Event-free survival is plotted against the exercise 
ejection fraction. The patient population is divided into 8 

groups containing 10 cardiac events each, with the number of 
patients and the 95% confidence limits shown for each group. 
Lower event-free survival is observed in patients with reduced 
exercise ejection fractions. 
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Initial variable reduction from preliminary multi- 
variable models identified 8 variables to contain signifi- 
cant prognostic information. These included exercise 
ejection fraction, exercise end-diastolic volume, and ex- 
ercise changes in heart rate, cardiac output, end-systolic 
and end-diastolic volumes, age and gender. The final 
multivariable models used these 8 variables plus the 
character of chest pain and the rest ejection fraction. 
The latter were not identified as potential independent 
predictors of prognosis by step 1 of the 2-step variable 
reduction approach but were included because of ac- 
cepted clinical importance. 

Final multivariable analysis found only 3 variables 
to contain independent prognostic information: the ex- 
ercise ejection fraction, the exercise change in heart 
rate and gender (Table II). For the cardiovascular 
death end point, a linear combination of the exercise 
ejection fraction and the exercise change in heart rate 
was a significantly stronger predictor of death than the 
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FIGURE 2. Kaplan-Meier survival estimates + 1 standard er- 
ror after radionuclide angiocardiographic (RNA) examination 
are plotted for cardiovascular death, total cardiac events and 
deaths from all causes. Tis ponojalioni 1 DARAT TOE 

groups based on the exercise ejection fraction (EXEF). The 


majority of patients (n = 776) have an exercise ejection frac- 
tion >0.50 and a low probability of subsequent cardiac events. 
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FIGURE 3. The predicted survival from the Cox proportional hazards model for cardiovascular death (A) and total cardiac 
events (B) are displayed as a function of the exercise ejection fraction. The numbered curves represent follow-up intervals at 1, 


2, 3 and 4 years. A noticeable decline in survival and event-free 


0.50. 


exercise ejection fraction alone. The negative regression 
coefficients for these variables reflected the increased 
relative risks of cardiovascular death during the ob- 
served follow-up period for patients with lower exercise 
ejection fractions or lower exercise changes in heart 
rate. For example, the relative risk of cardiovascular 
death for a hypothetical patient with an exercise ejec- 
tion fraction = 0.35 compared with a patient with an 
exercise ejection fraction = 0.60, and the same exercise 
change in heart rate is = exp[(—0.064) X (35 — 60)] = 
5. Thus, the patient with the exercise ejection fraction 
= 0.35 is predicted to be 5 times more likely to experi- 
ence a cardiovascular death. Similarly, when the exer- 
cise ejection fraction is held constant, a hypothetical pa- 
tient who is able to increase his or her heart rate during 
exercise by only 20 beats/min is predicted to be 3.3 
times more likely to experience a cardiovascular death 





TABLE Ill Multivariable Associations 


Chi Square* 
Variable (1 DF) 


Exercise ejection fraction 
Exercise change in heart rate 


Exercise ejection fraction 

Gender 

Exercise change in heart rate 3 
Gender X exercise ejection fraction 


Exercise ejection fraction 

Exercise change in heart rate 

Exercise ejection fraction X 3 
exercise change in heart rate 







* Likelihood ratio chi-square statistic controlling for variables already in the model. 


DF = degrees of freedom. 


Cardiovascular Death 
(52 Events) 
Total Cardiac Events 
(80 Events) 


Death from All Causes 
(70 Events) 


t Negative regression coefficients reflect increased association with follow-up outcomes for lower variable values. 


survival occurs when the exercise ejection fraction falls below 


relative to the patient able to increase his or her 
heart rate by 80 beats/min (3.3 = exp[(—0.020) x 
(20 — 80))). 

The predictive strength of the exercise change in 
heart rate was small when compared with the informa- 
tion contained in the exercise ejection fraction. How- 
ever, the exercise change in heart rate retained signifi- 
cance after controlling for the exercise ejection fraction 
(p <0.01). These findings suggest a more powerful risk 
stratification using both variables relative to the use of 
either variable alone. Patients in each category of exer- 
cise ejection fraction had a consistently better progno- 
sis with an increased exercise change in heart rate (Fig- 
ure 4). 

When all-cause mortality was examined, the data 
suggested that additional prognostic information was 
contained in the interaction effect defined by the prod- 









Regression! Standard 
p Value Coefficient Error 









<0.0001 —0.064 0.008 
<0.01 —0.020 0.007 









<0.0001 —0.085 0.016 
<0.0005 —0.499 0.789 
<0.01 —0.014 0.005 
<0.05 0.037 0.017 





<0.0001 —0.003 0.016 
<0.0001 —0.020 0.018 
<0.005 —0.001 0.0003 









THE AMERICAN JOURNAL OF CARDIOLOGY MAY 1, 1991 923 








=- = eee 





uct of the exercise ejection fraction and the exercise 
change in heart rate. The corresponding negative re- 
gression coefficient for this term means the predicted 
abbreviated survival for a patient with a low exercise 
ejection fraction and a low exercise change in heart rate 
was further attenuated by the antagonistic effect of the 
2 variables acting jointly on survival. 

Finally, gender was an important independent pre- 
dictor of total cardiac events. The negative regression 
coefficient for this variable indicates that men were 
at greater risk of having a cardiac event during the 
follow-up period. For the prediction of this end point, 
multivariable model development suggested that the 
variables—exercise ejection fraction, gender, exercise 
change in heart rate, and the interaction effect defined 
as the product gender X exercise ejection fraction—all 
contributed statistically significant independent infor- 
mation. The end point of total cardiac events differs 
from the outcome of cardiovascular death by the inclu- 
sion of nonfatal myocardial infarctions. Therefore, the 
significance of gender and its joint effect with the exer- 
cise ejection fraction most likely reflects the observation 
that of 32 nonfatal myocardial infarctions, only 1 oc- 
curred in a woman. 


DISCUSSION 

For patients with defined CAD, the exercise ejection 
fraction is now well established as the most sensitive 
radionuclide angiocardiographic parameter for both the 
diagnosis of disease? and the determination of progno- 
sis.! In contrast, little is known about the prognostic 
significance of the exercise ejection fraction in patients 
who do not undergo cardiac catheterization. The radio- 
nuclide angiocardiographic studies acquired for this in- 
vestigation were obtained at a time when the procedure 
had become standardized but before the recognition 


that select parameters provided prognostic information. 
Thus, it was possible to examine the association be- 
tween exercise ejection fraction and prognosis in this 
unique series of patients with suspected minimal CAD, 
none of whom underwent cardiac catheterization within 
90 days of their noninvasive evaluation. 

For this series of 908 patients, the exercise ejection 
fraction was the strongest predictor of both death and 
future cardiac events. The observation that the exercise 
ejection fraction is a more powerful predictor of cardio- 
vascular death than all-cause mortality most likely re- 
flects the specific relationship between this variable and 
ischemic outcomes of CAD leading to subsequent car- 
diovascular death. Whereas every effort was made to 
categorize the occurrence of nonfatal myocardial in- 
farction objectively, the difficulties in the identification 
of this end point are well recognized. Some events cate- 
gorized as myocardial infarction may have been bouts 
of severe angina. Moreover, a number of silent myocar- 
dial infarctions could have occurred that were not rec- 
ognized in the clinical follow-up data. Despite these dif- 
ficulties, the strength of the relationship between the 
exercise ejection fraction and future cardiac events pro- 
vides convincing evidence of the predictive power of this 
single parameter. 

The exercise ejection fraction was a more powerful 
predictor of future events than the rest ejection fraction. 
This finding most likely reflects the added contribution 
of ischemia or ischemic potential to prognosis. Al- 
though ischemia may occur at rest, it is most consis- 
tently evoked by the increased myocardial work load 
during exercise. A large number of hemodynamic vari- 
ables, measured both at rest and during exercise, dem- 
onstrated a strong univariable relation to future death 
and cardiac events. The rest ejection fraction and ab- 
normal exercise wall motion each contained strong uni- 
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FIGURE 4. Cardiac events plotted against 
3 categories of the exercise ejection frac- 
tion (EXEF) reveal the independent contri- 
bution of the exercise change in heart rate 
(EXRHR) to prognosis. Patients who could 
increase their heart rate during exercise 
>75 beats/min had a consistently lower 
event rate. 
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variable prognostic information. The rest-to-exercise 
change in ejection fraction was a significant, although 
weaker, predictor. However, this information was not 
independent of nor as strong a predictor of future cardi- 
ac events as the exercise ejection fraction. 

Gender and the exercise change in heart rate were 
also found to have additional independent prognostic 
information. Gender was only related to total cardiac 
events, which probably reflects the finding that only | 
of 32 nonfatal myocardial infarctions occurred in a 
woman. The predictive value of the exercise change in 
heart rate has been documented in previous investiga- 
tions.?-'! These studies all concluded that a submaxi- 
mal heart rate response to exercise is associated with a 
significantly increased risk of future coronary events. 

The prognostic power of the exercise ejection frac- 
tion seen in this study has also been shown by Bonow,!2 
Borer,!*:'4 Iskandrian!5:!© and their co-workers. Lee et 
al!” examined the predictive value of radionuclide an- 
giocardiography in combination with clinical evaluation 
and cardiac catheterization. Radionuclide angiocardi- 
ography contained 80% of the prognostic information 
available from clinical and catheterization variables, 
and the exercise ejection fraction was the best radionu- 
clide angiocardiographic parameter for prediction of 
cardiovascular death and total cardiac events. Recently, 
Jones et al'® reviewed all patients at our institution un- 
dergoing rest and exercise radionuclide angiocardiogra- 
phy for evaluation of CAD. The exercise ejection frac- 
tion was the best noninvasive variable for prediction of 
cardiovascular death. A recent report from the Mayo 
Clinic by Taliercio et al!? was the only study in which 
the exercise ejection fraction did not provide indepen- 
dent prognostic information in patients with document- 
ed CAD undergoing cardiac catheterization. The oc- 
currence of only 32 cardiac events in 424 patients dur- 
ing an average follow-up period of only 21.7 months 
probably limited the power of their models. 

Brown et al? reported that the number of transient 
thallium-201 deficits was the best predictor of future 
cardiac events in patients without previous myocardial 
infarction. Subsequently, Kaul et al?!.2? found that ex- 
ercise thallium-201 testing added predictive informa- 
tion to clinical and cardiac catheterization variables. 
However, Koss et al? reported that the prognostic abil- 
ity of this test was severely limited in patients with sus- 
pected CAD by the low cardiac event rate in patients 
with abnormal results. These contradictory findings 
may be explained by different patient populations and 
by the low number of cardiovascular deaths and nonfa- 
tal myocardial infarctions in these studies. Additional 
follow-up after more cardiac events have occurred may 
provide stronger prognostic associations. 
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Other noninvasive methods could provide compara- 
ble prognostic information, such as contrast echocardi- 
ography and new radionuclides that permit the simulta- 
neous measurement of both myocardial function and 
perfusion. However, caution must be used in applying 
conclusions from our studies to measurement approach- 
es that do not reflect ischemia at the peak of exercise, 
such as gated blood pool imaging. Measurements that 
require several minutes to collect data may not reflect 
myocardial function at the peak of exercise stress, and 
therefore may not contain the same prognostic ability. 

Four percent (35 of 943) of our patients were lost to 
follow-up, and these patients could represent a signifi- 
cant source of error if all had had cardiac events. 
Therefore, all 35 patients were screened for death cer- 
tificates at the State Department of Vital Statistics, and 
patient medical records were examined to ensure that 
no cardiac events had occurred. Furthermore, analysis 
was repeated, assuming first that all patients lost to fol- 
low-up were alive, and again assuming all had had a 
cardiovascular death, and neither of these assumptions 
changed the strength of our analysis. Therefore, it is 
not likely that the patients lost to follow-up would have 
altered our results. The availability of clinical variables 
was notably limited in this study. A more thorough pro- 
spective collection of clinical variables, as performed by 
Lee et al,'’ could possibly identify additional significant 
predictors of outcome. 

No single variable can completely describe the ex- 
pected clinical course in an individual patient. The 
physician evaluating patients for CAD must use all 
the information available, including historical, physi- 
cal, noninvasive tests, and, if necessary, invasive testing 
to help determine the best therapy. However, the mea- 
surement of the exercise ejection fraction provides a 
very sensitive indicator of the potential for an ischemic 
event. Interventional therapy designed to reverse isch- 
emia can only benefit patients with significant ischemic 
potential. Measurements of ventricular function during 
exercise provide important independent prognostic in- 
formation useful in identifying a small subgroup from a 
large diverse population who are likely to benefit from 
interventional therapy. The simplicity of radionuclide 
angiocardiography makes it ideally suited as one of the 
first procedures to be performed in the evaluation of 
suspected significant CAD. 
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Circadian Variation of Transient Myocardial 
Ischemia in the Early Out-of-Hospital Period 
After First Acute Myocardial Infarction 
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Circadian rhythms have been demonstrated in 
acute myocardial infarction (AMI) and in other 
clinical cardiac dysfunctions. The purpose of this 
study was to elucidate whether a circadian pat- 
tern of transient myocardial ischemia exists after 
first AMI. Prospectively, 24-hour ambulatory 
ST-segment monitoring was initiated at dis- 
charge on day 11 + 5 in 123 consecutive survi- 
vors of first AMI. A total of 93 ischemic epi- 
sodes (91 asymptomatic) occurred in 21 of the 
123 patients (17%) (mean duration of 30 min- 
utes, range 4 to 292). A significant circadian 
rhythm of transient myocardial ischemia was 
found with a peak activity occurring in the eve- 
ning hours (p <0.01). Thus, 43% of ischemic 
episodes and 42% of ischemic time occurred be- 
tween 6 P.M. and 12 midnight. The characteris- 
tics of morning and evening episodes were simi- 
lar, except for the heart rate at maximal ST-seg- 
ment depression, which was significantly higher 
during morning episodes (p <0.02). Patients 
with transient myocardial ischemia had a diurnal 
distribution similar to the circadian variation dis- 
played during ischemic activity. Thus, 16 of the 
21 patients had ischemic episodes from 6 P.M. to 
12 midnight versus 10 patients from 6 A.M. to 
12 noon (p <0.01). The 24-hour mean minimal 
heart rate was significantly higher in patients 
with than without ischemic episodes (p <0.02). 
In conclusion, this study has established a signif- 
icant circadian peak of transient myocardial 
ischemia in the evening hours in survivors of first 
AMI. Whether the pattern displayed is due to en- 
dogenous biologic functions or cyclic variations, 
or both, in the external environment needs to be 
clarified. 

(Am J Cardiol 1991;67:927-932) 
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linical studies have demonstrated circadian 
( variations in hemodynamic measurements such 

as heart rate and arterial blood pressure,!:? on- 
set of acute myocardial infarction (AMI) and sud- 
den cardiac death.”® In chronic, stable angina it has 
been established that most patients have ischemic epi- 
sodes during routine daily activities, with a peak inci- 
dence of ST-segment depression occurring in the morn- 
ing hours.?"!' We set out to establish whether there is a 
circadian pattern of transient myocardial ischemia dur- 
ing early out-of-hospital ST-segment monitoring in sur- 
vivors of first AMI. 


METHODS 

Patient population: Between October 1987 and Oc- 
tober 1989 all men hospitalized in the coronary care 
unit at Odense University Hospital with a first AMI 
were prospectively evaluated for inclusion in the study. 
AMI was defined by the presence of >2 of the follow- 
ing criteria: (1) typical history of chest pain; (2) devel- 
opment of pathologic Q waves, or T-wave inversions 
lasting >24 hours; and (3) an increase in creatine ki- 
nase of >220 U/liter, with elevations of the creatine 
kinase-MB fraction isoenzyme to >20 U/liter and of 
the lactate dehydrogenase-1 fraction isoenzyme to 
>170 U /liter. 

Reasons for exclusion were chest pain lasting >24 
hours before admission, age >70 years, previous AMI, 
coronary artery bypass surgery or angioplasty, the posi- 
tion of a permanent cardiac pacemaker, insulin-depen- 
dent diabetes mellitus, and other chronic disabling dis- 
ease. Finally, patients were not included because of in- 
traventricular conduction disturbances with a QRS 
duration >0.12 second, persistent marked ST-segment 
abnormalities, atrial fibrillation /fluctuation, or ad- 
vanced second- or third-degree atrioventricular block on 
the 12-lead electrocardiogram at rest. 

Ambulatory electrocardiographic monitoring: Am- 
bulatory ST-segment monitoring for 24 hours was initi- 
ated at discharge. We used a calibrated amplitude- 
modulated, 2-channel tape recorder (Tracker Reyn- 
olds) with a frequency response from 0.05 to 100 Hz. 
Bipolar leads were attached with the exploring elec- 
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TABLE! Baseline Clinical Characteristics of 123 Men with a 
First Acute Myocardial Infarction 


55+8 
96 (78%) 
36 (29%) 


Age (yrs)* 
Smokers 
Previous angina 
Location of AMI 
Anterior 
Inferior 
Multiple / indefinite 
Type of AMI 
Q-wave 
Non-Q-wave 
Myocardial enzymes* 
Peak creatine kinase (U /liter) 
Peak creatine kinase-MB isoenzyme 
(U /liter) 
Peak lactate dehydrokinase-1-fraction 
isoenzyme (U /liter) 
Post-AMI angina (>72 hours) 
Congestive heart failure in CCU 
Predischarge maximal exercise testing 
Maximal work load (W)* 
Prevalence of ST-segment depression 
Prevalence of angina 
Left ventricular ejection fraction 
(echocardiography, wall motion index) (%)* 
Medications at discharge 
Calcium antagonists! 
Long-acting nitrates’ 
Beta blockers! 
Digoxin? 
Diuretics 
ACE inhibitors 
Antiarrhythmic therapy 
Discharge and start of ambulatory monitoring 
(days after AMI*) 


60 (49%) 
53 (43%) 
10 (8%) 


80 (65%) 
43 (35%) 


2,075 + 1,232 
99 + 56 


963 + 567 


16 (13%) 
35 (29%) 


150 + 38 
66 (54%) 
19 (15%) 
48+12 


13 (11%) 
11 (9%) 
11 (9%) 
6 (5%) 
21 (17%) 
2 (2%) 
2 (2%) 
lit 9 


* Mean + standard deviation. N 

t A total of 25 patients (20%) took 1 or more prophylactic antiischemic drugs. — 

t None of these patients had ST-segment depression during ambulatory monitor- 
i 


ng. 
AMI = acute myocardial infarction; ACE = angiotensin-converting enzyme; CCU = 
coronary care unit. 





trodes in the positions of maximal ST-segment depres- 
sion on the predischarge exercise test. If no significant 
ST-segment depression was detected during exercise, a 
V3- and a Vs-like lead was used.!? Special care was tak- 
en to avoid leads registrating pathologic Q waves, major 
resting ST-segment deviations and effects of postural 
changes. The quality of the signal was evaluated on an 
electrocardiogram (50 mm/s) before starting monitor- 
ing. The tapes were analyzed visually at 60 times real 
time (Pathfinder II analyzer, Reynolds), and separate 
trend curves of ST-segment deviation and heart rate 
(ST-segment module, Reynolds) were obtained for the 
whole monitoring period at a paper speed of 6 cm/hour. 
An episode of significant ST-segment depression was 
defined as horizontal or downsloping ST-segment de- 
pression 21 mm, 80 ms from the J point. One episode 
should last at least 1 minute and any 2 episodes should 
be separated by >22 minutes of return of the ST seg- 
ment to baseline. Each episode was finally evaluated by 
an electrocardiogram printout (25 mm/s) from the lead 
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showing the greatest ST-segment depression. The fol- 
lowing parameters were registered for each tape: num- 
ber of ischemic episodes, duration of ischemia, maximal 
ST-segment change, heart rate at onset of each isch- 
emic episode, and heart rate at maximal ST-segment 
depression during each episode and maximal heart rate 
during each episode. Furthermore, mean minimal and 
maximal heart rates were calculated on an hourly basis 
in each patient within 24 hours of monitoring. For this 
analysis we used the Pathfinder III system (Reynolds). 
During the last days of hospitalization, all patients were 
fully mobilized with 6 to 8 hours of sleep. At discharge, 
when the monitoring was started, the patients were en- 
couraged to engage in normal daily activities. The pa- 
tients were asked to keep a detailed diary outlining any 
episode of chest pain and the activity at the onset of 
symptoms. Finally, the patients were instructed to acti- 
vate the event button on the tape recorder if experienc- 
ing angina pectoris. 

Exercise test: A maximal, symptom-limited, multi- 
stage, bicycle ergometer exercise test with 12 precordial 
and 6 standard limb leads was performed the day before 
discharge in all patients. An exercise time of 15 minutes 
was intended. The initial work load was one-fifth of the 
expected maximal work capacity. The work load was 
increased with the initial work load every third minute 
until exhaustion, the development of severe angina or a 
significant decrease in systolic blood pressure. The size 
of ST-segment depression was not used as an end point. 
The test was considered positive if =1 mm of horizontal 
or downsloping ST-segment depression was measured 
80 ms after the J point. 

Data handling and statistical procedures: Data were 
collected on precoded forms and entered into a comput- 
er file. The Student ¢ test, sign test and chi-square test 
were used for conventional comparison statistics. The 
day was divided into four 6-hour periods (12 midnight 
to 6 A.M., 6 a.M. to 12 noon, 12 noon to 6 P.M., 6 P.M. to 12 
midnight), and Kruskall Wallis 1-way analysis of vari- 
ance by ranks was applied to determine if there was a 
difference in number of episodes or duration of ischemia 
between the 6-hour periods. Friedman’s 2-way analysis 
of variance was used to determine if the individual pa- 
tient had episodes clustered in selected 6-hour periods. 
A p value <0.05 was deemed significant. 


RESULTS 

Patients: The baseline clinical characteristics are 
summarized in Table I. Within the 24 hours of moni- 
toring, 21 of the 123 patients with AMI (17%) had at 
least 1 ischemic episode, and a total of 93 episodes were 
observed (Table II). No significant difference was 
found in the prevalence of antiischemic medication in 
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patients with (6 of 21 [29%]) and without (19/102 
[19%]) ischemic episodes. At discharge no patient took 
prophylactic anxiolytic drugs. 

Characteristics of ischemic episodes: The mean 
length per ischemic episode was 30 minutes (median 
16) (Table II). Only 2 of the 93 episodes were accom- 
panied by chest pain (2%), and both episodes occurred 
in the same patient during the evening hours. The 
mean number of episodes was 4.4 per patient per 24 
hours, range | to 15. Eighteen of the 21 patients with 
ST-segment depression during ambulatory monitoring 
also had exercise-induced ischemia (86%). Only 7 of 
the 93 ischemic episodes (8%) were detected in the 3 
patients without exercise-induced ischemia. 

Daily rhythm of ischemia: Due to technical prob- 
lems, 2 of the 123 patients had <24 hours of ambulato- 
ry monitoring performed (960 and 1,273 minutes). 
None of these patients had ischemic episodes within the 
reduced monitoring period. Figure | shows the diurnal 
distribution on an hourly basis of the 93 episodes of 
transient myocardial ischemia. The frequency of isch- 
emic episodes appears to increase during the midday 
and evening hours (Figure 2). The frequency of ST- 
segment depression peaks in the evening, with 43% of 
ischemic episodes and 42% of ischemic time occurring 
between 6 p.m. and 12 midnight. In the morning hours 
from 6 A.M. to 12 noon, only 20% of the episodes and 
26% of the total ischemic time were found. The evening 
increase in ischemic activity resulted in significant dif- 
ferences between the 6-hour periods for the number of 
ischemic episodes as well as the duration of transient 
myocardial ischemia (p <0.01 in both). The evening 
peak of ischemic episodes was not due to a minority of 
patients, who by chance had episodes clustered in the 6 


FIGURE 1. Hourly distri- 
bution of number of isch- 
emic episodes. A signifi- 
cant circadian variation is 
demonstrated with a peak 
of ischemic activity be- 
tween 6 P.M. and 12 mid- 
right. 
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TABLE ll Characteristics of Ischemic Episodes in 123 
Patients Within the Initial 24-Hour of Out-of-Hospital ST- 
Segment Monitoring Begun 11 + 5 Days After Acute 
Myocardial Infarction 


No. of patients with ischemic episodes 21 (17%) 


No. of episodes 
No. of painful episodes 
Episode length (min) 
Mean* 
Median 
Range 
Heart rate at onset (beats /min)* 
Heart rate at maximal ST| (beats /min)* 
Maximal heart rate during episode (beats /min)* 
Maximal size of ST) (mm) 
Mean * 
Median 
Range 


* Mean + standard deviation. 
ST} = ST-segment depression. 


P.M. to 12 midnight period. The number of patients with 
ST-segment depression had a diurnal distribution simi- 
lar to the circadian variation demonstrated during isch- 
emic episodes and the duration of transient myocardial 
ischemia (Figure 2). Thus, 16 of the 21 patients had at 
least 1 episode within the evening period versus 10 pa- 
tients in the morning hours (p <0.01). 

Comparison of morning and evening ischemia: Of 
the 21 patients who had transient myocardial ischemia, 
8 (38%) had episodes during both morning and evening 
periods. An additional 2 patients (10%) had episodes 
only in the morning, and another 8 (38%) had episodes 
exclusively in the evening. Therefore, a total of 18 pa- 
tients (86%) had transient myocardial ischemia in the 
morning and/or evening hours. The remaining 3 pa- 
tients (14%) had episodes associated with sleep or mid- 
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TABLE Ill Comparison of 59 Morning and Evening Ischemic 
Episodes in 18 Patients 


6 A.M. to 12 
Noon 


6P.M. to 12 
Midnight 
0.01 


19 (32%) 40 (68%) 


No. of episodes 
Episode length (min) 
Mean* NS 
Median 
Range 
Heart rate at onset NS 


(beats /min)* 

Heart rate at maximal 
ST} (beats /min)* 

Maximal heart rate 
during episode 
(beats /min)* 

Maximal size of ST} (mm) 
Mean* 1.50.8 
Median ] 
Range 1—4 


103 + 16 


* Mean + standard deviation. 
NS = not significant; ST} = ST-segment depression. 


day activity. In the 18 patients who had transient myo- 
cardial ischemia in the morning and/or evening peri- 
ods, a total of 59 ischemic episodes were found (Table 
III). Of these, 19 episodes (32% ) occurred in the morn- 
ing compared with 40 episodes (68%) in the 6 p.m. to 12 
midnight period (p <0.01). Morning and evening epi- 
sodes were similar in terms of their length, heart rate at 
onset, maximal heart rate and size of maximal ST-seg- 
ment depression. The heart rate at maximal ST-seg- 
ment depression during morning episodes was signifi- 
cantly higher than during ischemic episodes in the eve- 
ning hours (p <0.02) (Table III). 

Heart rate variation: Figure 3 shows the heart rate 
variation in the 21 patients with and the 102 patients 
without transient myocardial ischemia. In each patient 
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the mean minimal and maximal heart rates are calcu- 
lated on an hourly basis. No increase in heart rate was 
found during the evening hours. A trend toward in- 
creased heart rate was found in patients with transient 
myocardial ischemia, and the difference was statistical- 
ly significant for the mean minimal (p <0.02) but not 
for the mean maximal heart rate. 


DISCUSSION 

Various investigators?™!! have established that most 
patients with stable angina pectoris display episodes of 
transient myocardial ischemia with a peak incidence of 
ischemic episodes occurring in the morning hours. This 
increase in ischemic episodes parallels the circadian 
pattern of clinical cardiac manifestations such as 
AMI?’ and sudden cardiac death.”8 Whether tran- 
sient myocardial ischemia and these irreversible events 
are causally related or merely associated has not been 
ruled out. The results of the present study suggest that 
in patients with a recent AMI, a significant circadian 
variation exists in transient myocardial ischemia as 
measured by ST-segment depression. The peak density 
of ischemic activity is found in the evening hours be- 
tween 6 P.M. and 12 midnight. This diurnal distribution 
is definitely different from the pattern observed in pa- 
tients with chronic stable angina and may reflect differ- 
ences in the pathophysiologic process that underlies 
transient myocardial ischemia in these cardiac syn- 
dromes. 

To our knowledge, no study has previously dealt 
with the quantitative analysis of the diurnal distribution 
of ST-segment depression in the immediate out-of-hos- 
pital period after first AMI. Nürnberg et al!? prospec- 
tively performed ambulatory monitoring in 88 patients, 
who all took long-acting nitrates during the third week 


FIGURE 2. The day has 


block (stippled bars) are 
read at the left Y axis. 
Correspondingly, the total 
minutes of ischemic dura- 
tion (white bars) are read 
at the right Y axis. 
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after first Q-wave AMI. Ischemic episodes displayed a 
circadian periodicity, reaching a maximum between 6 
A.M. and 12 midday. This variation is quite different 
from the pattern found in our study. These conflicting 
results are most likely due to several factors: differences 
in the time interval from the AMI until the perfor- 
mance of ambulatory monitoring, and out-of-hospital 
versus partially in-hospital Holter recordings and heter- 
ogenous patient groups. Gottlieb et al'* investigated 
103 high-risk patients during the in-hospital phase on 
day 9 after AMI. The number of episodes of ST-seg- 
ment changes appeared to peak in the very early morn- 
ing and late afternoon hours, but this circadian pattern 
was only of borderline statistical significance.'* The po- 
tential importance of the time span from AMI until the 
recording of ambulatory electrocardiogram has been 
demonstrated by Lucente et al,! who prospectively 
evaluated whether episodes of ventricular tachycardia 
have a circadian rhythm in survivors of AMI. The pa- 
tients were classified into those who underwent Holter 
monitoring before discharge (recent AMI) and patients 
in whom Holter recordings were performed from 6 
months to 2 years after the infarction (old AMI). 
The investigators demonstrated a significant circadian 
rhythm in the frequency of ventricular tachycardia in 
both patients with a recent AMI (peak at 4:40 p.m.) 
and an old AMI (peak at 12:39 p.m.). This difference 
was most likely due to a real advance of the peak of 
ventricular tachycardia in patients with old AMI.!> 
Although a 24-hour periodicity of pathophysiologic 
processes is documented, the degree to which the 
periodicity results from a true, endogenous circadian 
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rhythm or from the daily rest-activity cycle is only 
partially characterized. Considerable controversy exists 
over the relative contribution of decreased oxygen sup- 
ply and increased oxygen demand in the mechanisms 
responsible for transient myocardial ischemia. No solid 
data are available to explain the diurnal distribution of 
transient ST-segment depression found in the present 
study. If myocardial oxygen demand is based on heart 
rate measurements alone, the peak ischemic activity in 
the evening hours was not the result of increased oxy- 
gen demand (Figure 3). However, heart rate is an in- 
complete measure of myocardial oxygen demands, and 
other markers reflecting the underlying mechanisms in- 
volved in demand ischemia such as blood pressure, left 
ventricular filling pressure and catecholamines have not 
been measured in our study. A variable coupling be- 
tween heart rate and transient myocardial ischemia has 
also been documented in patients with Prinzmetals’ an- 
gina, who exhibited a maximal heart rate at 5:00 p.m. 
and maximal ischemia at 12 midnight.'© These re- 
sults support the theory that different pathophysiologic 
mechanisms for transient myocardial ischemia may ex- 
ist in different patient populations. 

In our study, ambulatory monitoring began about 
12 noon, at discharge 11 + 5 days after AMI. Patients 
were probably satisfied with the prospect of leaving the 
hospital. On the other hand, the outlook of losing the 
“safety” given to them through their stay in the coro- 
nary care unit may induce mental stress, which will 
probably increase during the evening hours. Although 
myocardial oxygen demand rises after mental stress, as 
indicated by increases in systolic blood pressure,!’~! 


Time of Day 
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the ischemia that ensues also results from a primary 
decrease in coronary blood flow. The patients in the 
present study differ from patients with chronic stable 
angina in having had a recent AMI. Owing to the loss 
of myocardium, left ventricular systolic function is im- 
paired, and because of early left ventricular dilatation, 
diastolic wall stress is elevated. These mechanisms may 
result in further ventricular enlargement and dysfunc- 
tion.2° Episodes of ST-segment depression are associ- 
ated with considerable alterations in left ventricular 
function.?!:?? Thus, invasive measurements have shown 
that left ventricular end-diastolic pressure increases 
during myocardial ischemia. A circadian variation with 
a morning increase in cardiac output and left ventricu- 
lar contractility, as measured by systolic time intervals, 
has been demonstrated in patients without heart dis- 
ease.2? Whether patients with a recent AMI exhibit a 
similar diurnal periodicity in left ventricular function 
needs clarification. However, one might hypothesize 
that due to accumulated physical activity during the 
daytime, the left ventricle after infarction may be 
“tired” or “exhausted” in the evening hours, resulting 
in an impairment of left ventricular contractility, and 
an increase in transient myocardial ischemia as docu- 
mented in this study. The episodes of ST-segment de- 
pression in the present survivors of first AMI tend to be 
prolonged, and 98% were asymptomatic. Most interest- 
ing, the 24-hour mean mimimal heart rate is signifi- 
cantly higher in the 21 patients with than in the 102 
patients without ischemic episodes. The reason for this 
difference is unknown, but may reflect differences in 
left ventricular function during daily activities between 
the 2 subgroups. 

In conclusion, this prospective study has established 
and quantified a significant circadian peak of ischemic 
activity in the evening hours in patients with a recent 
first AMI. The reason for this periodicity still needs 
clarification. However, the pattern displayed suggests 
that ischemic activity is a dynamic process influenced 
by the cyclic variations in the external environment or 
by endogenous biologic functions. 
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A Prospective Study of Parental History 
of Myocardial Infarction and 
Coronary Artery Disease in Men 


Graham A. Colditz, MD, Eric B. Rimm, BS, Edward Giovannucci, MD, 
Meir J. Stampfer, MD, Bernard Rosner, PhD, and Walter C. Willett, MD 


The relation between parental history of myocar- 
dial infarction (MI) and risk of coronary artery 
disease (CAD) was prospectively examined 
among 45,317 U.S. male health professionals 
who were free of diagnosed CAD, 40 to 75 years 
of age in 1986 and followed for 2 years. These 
men provided details of parental history of MI, 
including their parents’ age at the first event, 
their personal history of hypertension, hypercho- 
lesterolemia and diabetes mellitus, and a detailed 
dietary assessment completed at baseline. Dur- 
ing 72,454 person-years of follow-up, 181 non- 
fatal Mis were documented, 49 men died from 
MI or sudden death, and 140 underwent coro- 
nary artery surgery or angioplasty. Compared 
with men without any history of parental MI, 
those whose mothers or fathers had had an MI 
at <70 years of age had a substantially elevated 
risk of MI (relative risk = 2.2, 95% confidence 
interval, 1.2 to 3.8 for maternal history; relative 
risk = 1.7, 95% confidence interval 1.2 to 2.3 
for paternal history). Risk of MI increased with 
decreasing age at parental MI. Paternal but not 
maternal history of MI was related to increased 
risk of coronary artery surgery. These associa- 
tions were not appreciably altered by controlling 
for diet or established risk factors, either individ- 
ually or in multivariate models. These prospec- 
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tive data indicate that a history of MI in either 
parent is associated with an increased risk of 
CAD among men. 

(Am J Cardiol 1991;67:933-938) 


onary artery disease (CAD) etiology has been 

heightened by the failure of other established risk 
factors, such as cigarette smoking, obesity, hyperten- 
sion, hypercholesterolemia, and diabetes mellitus, to 
predict CAD incidence fully in different populations. !~3 
An autosomal dominant trait associated with an in- 
creased risk of CAD was first described in 1939,4 and a 
contribution of familial factors to the risk of CAD has 
been extensively studied.*6 Family history of myocardi- 
al infarction (MI) was reported to be associated with 
an increased risk of CAD in offspring and other first- 
degree relatives in several case-control studies.7~!® In 
such retrospective studies, however, patients with a re- 
cent episode of CAD or their relatives may selectively 
report more familial disease (both true and supposed 
CAD) compared with controls, increasing the possibili- 
ty that recall bias may exaggerate the finding. Such 
recall bias has been reported in a study of breast can- 
cer.'’ Although similar relations have been seen in pro- 
spective studies,'*-*3 in which information on family 
history is obtained before the onset of disease, and is 
not susceptible to such bias, none has included data on 
dietary factors that may confound the relation between 
family history and the risk of CAD. We investigated 
the impact of parental MI on the incidence of CAD in 
a prospective study among U.S. men who had provided 
detailed dietary information. 


] nterest in family history as a risk factor for cor- 


METHODS 

Study population: The Health Professionals Follow- 
up Study is a longitudinal study of risk factors for car- 
diovascular disease and cancer among 51,529 U.S. 
men, aged 40 to 75 years. The study population in- 
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cludes 29,683 dentists, 10,098 veterinarians, 4,185 
pharmacists, 3,835 optometrists, 2,218 osteopathic phy- 
sicians and 1,600 podiatrists who returned a mailed 
questionnaire in 1986. Response at enrollment was 33% 
of all men invited to participate in this long-term study 
of diet and health. Among those who returned the 
baseline questionnaire, 6,106 cohort members reported 
a history of cardiovascular disease. For the present 
analysis we included the 45,317 members of the cohort 
who were free of reported cardiovascular disease (angi- 
na, coronary artery bypass graft, MI) at the beginning 
of the follow-up period, and who provided details of 
parental history of MI. 

Assessment of exposure variables: From the base- 
line questionnaire we obtained information on med- 
ical history, past and present smoking habits, weight, 
height, diet, and parental history of MI, including the 
age for each parent at the first event. The questions 
asked regarding family history of MI were those typical 
of a thorough medical history: did your father or moth- 
er ever have a MI? If yes, at what age did he or she 
have his or her first MI? As part of the baseline ques- 
tionnaire, participants completed a semiquantitative 
food frequency questionnaire regarding the average use 
of 131 foods and beverages over the previous year. This 
questionnaire allows the calculation of the intake of 75 
nutrient parameters. Nutrient intakes were computed 
from the frequency of consumption of each specified 
unit of food or beverage and the nutrient content of the 
specified portions. The reproducibility and validity of 
this instrument have been reported elsewhere.*4 

Morbidity and mortality follow-up: All members of 
the cohort received the first mailing of the biennial fol- 
low-up questionnaire in January 1988. Participants 
were asked whether they had had an MI or had under- 
gone coronary artery surgery or angioplasty since Janu- 
ary 1986. After up to 6 mailings, >96% of the popula- 
tion enrolled in 1986 returned the follow-up question- 
naire or were known to have died.*> Deaths were 
ascertained by reports of family members, the postal 
system or the participants’ professional organization. In 
addition, the vital status of nonrespondents were ascer- 
tained using the computerized National Death Index. 
This method has previously been shown to be highly 
sensitive in identifying deaths in a similar study among 
women.”° 

When a report of MI was identified from the ques- 
tionnaire or vital records, we asked permission from the 
participant (or next of kin for decedents, according to 
state regulations) to obtain hospital records for confir- 
mation of self-reported disease. The primary end points 
for this study were fatal and nonfatal MI, and coronary 
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artery bypass grafting or percutaneous transluminal 
coronary angioplasty. A definite MI was classified ac- 
cording to World Health Organization criteria and re- 
quired symptoms and either total electrocardiographic 
changes or elevation of cardiac enzymes.*’ Incident 
cases of nonfatal MI were classified as probable if hos- 
pital records could not be obtained but if the event re- 
quired hospitalization and was corroborated by addi- 
tional information from a letter or telephone interview 
with the participant. The incidence of coronary artery 
bypass grafting or percutaneous transluminal coronary 
angioplasty was based on self-reporting; hospital rec- 
ords obtained for a sample of half the men confirmed 
the self-report in 96% of cases. 

A death was considered due to MI if confirmed by 
hospital records or autopsy. In addition, fatal MI was 
recorded if CAD was listed on the death certificate as 
the underlying cause of death, in the absence of other 
plausible causes, and we obtained evidence from hospi- 
tal records or interview with the next of kin that the 
subject had a diagnosis of CAD before the terminal 
event but after entry into the study. At no time did we 
use the cause listed on the death certificate alone to 
categorize a death as due to CAD. Sudden death was 
defined as death within an hour of the onset of symp- 
toms, in a man with no previous illness, in whom no 
more plausible cause than CAD could be found. For 
this analysis, sudden cardiac death was included with 
fatal MI. In this study, 81% of the nonfatal and fatal 
MIs were classified as definite. In the primary analysis, 
definite and probable coronary end points were com- 
bined. We did not combine coronary bypass grafting as 
an end point with nonfatal and fatal MI because coro- 
nary bypass is more susceptible to diagnostic bias than 
is the diagnosis of MI; that is, physicians may under- 
take a more aggressive work-up and treatment for men 
with than without a positive family history of MI. We 
considered only the cases of CAD that occurred in the 
first 2 years of follow-up, between the return of the 
baseline questionnaire and before February 1, 1988. 

Data analysis: Each participant accumulated per- 
son-months of follow-up from the date of the return of 
the 1986 questionnaire to February 1, 1988, or, for 
those who developed CAD or died, up to the date of the 
event. Each participant could contribute only | end 
point, the first being counted. We allocated person- 
months of follow-up according to the 1986 exposure 
status and calculated incidence rates as the number of 
events divided by the person-time of follow-up. Inci- 
dence rates were age-adjusted using 5-year age groups. 
Relative risks were calculated as the measure of associ- 
ation by dividing the rate of disease in the exposed 


(e.g., both parents had a history of MI when they were 
<60 years old) groups by the rate among those who 
had no parent with a history of MI (reference group). 
Age-adjusted relative risks were calculated after strati- 
fication by 5-year age categories. In addition, relative 
risks were simultaneously adjusted for multiple vari- 
ables using logistic regression analysis. The model con- 
tained terms for age (S-year age categories), quintiles 
of body mass index (weight divided by the second pow- 
er of height), smoking habits (current, in categories of 
number of cigarettes per day [1 to 14, 15 to 24, 25+], 
past or never), history of diabetes mellitus, hyperten- 
sion, hypercholesterolemia, 5 categories of alcohol use, 
health profession, quintiles of dietary energy, saturated, 
polyunsaturated and monounsaturated fat and choles- 
terol intake. 


RESULTS 

Among the 45,317 men free of diagnosed CAD at 
the beginning of the study, 181 participants had a non- 
fatal MI, 140 underwent coronary artery surgery or an- 
gioplasty, and 49 men died from MI or sudden death 
during 72,454 person-years of follow-up. Standard risk 
factors were predictive of CAD: The relative risks for 
nonfatal MI and fatal CHD combined with 1.7 (95% 
confidence intervals [CI], 1.3 to 2.3) for history of 
physician-diagnosed hypertension, 1.5 (95% CI, 1.1 to 
2.1) for history of physician-diagnosed hypercholester- 
olemia, 2.2 (95% CI, 1.4 to 3.4) for history of diabetes, 
and 2.3 (95% CI, 1.2 to 4.3) for current smokers of 
> 25 cigarettes per day. 

In 1986, 31.7% of the men entering the study had a 
parental history of MI (Table I). After adjustments for 
age, these men were similar to those with no parental 
history, with respect to the prevalence of cigarette 
smoking and diet (Table II). However, we noted that 
the prevalence of self-reported hypertension was in- 
creased among all men with a parental history of MI, 


TABLE I Prevalence of Reported Family History of 
Myocardial Infarction Among 45,317 Men 40 to 75 Years of 


Age 


Parental Age at Event (yrs) 


<50 60-69 270 


#63). 3,335 
3,291 2,787 
1,484 


50-59 


418 
2,718 
140 


Total (%) 


2,519 (5.6) 
10,213 (22.5) 
1,624 (3.6) 
30,961 (68.3) 


197 
1,417 


Mother only 
Father only 
Both 
Neither 


and was higher among those whose parents were <60 
years old than among those whose parents were >60 
years old at the time of MI. Likewise, the prevalence of 
a history of hypercholesterolemia was increased among 
men with any parental history of MI. 

Because of the small number of deaths classified as 
due to MI or sudden death, and the consistency of re- 
sults for paternal history and risk of fatal and nonfatal 
MI, we combined the nonfatal and fatal MIs in the 
analyses. Compared with men who did not have a pa- 
rental history of MI, those with a paternal history of 
MI at <70 years had an age-adjusted relative risk of 
1.7 (95% CI, 1.2 to 2.3) and those with a maternal 
history of MI at <70 years had a relative risk of 2.2 
(95% CI, 1.2 to 3.8). Men who had both a maternal 
and paternal history of MI had a relative risk of 2.0 
(95% CI, 1.2 to 3.3), compared with those without any 
family history of MI. For coronary artery surgery, we 
observed similar results; relative risk was 2.5 (95% CI, 
1.7 to 3.7) for a paternal history of MI at <70 years, 
1.5 (95% CI, 0.6 to 3.7) for a maternal history of MI 
at <70 years, and 2.2 (95% CI, 1.1 to 4.2) for a history 
of both parents having an MI. 

Parental age at myocardial infarction: The age-ad- 
justed relative risks for CAD were greater for those 
whose parents were <50 years at the time of MI, com- 
pared with those whose parents had an MI at older 


TABLE Il Age-Standardized Prevalence of Risk Factors for Coronary Artery Disease and Mean Body Mass Index and Dietary 
Intakes According to History of Parental Myocardial Infarction* 





Maternal History Paternal History 





No History <60 Years <60 Years 

Hypertension (%) : i ; ; . 

Hypercholesterolemia (%) 9.5 12.7 10.4 10.7 15.1 11.8 
Current smoker (%) 9.5 7.4 10.9 8.2 10.7 8.4 
Body mass index (kg/m?) 295 25.8 25.7 25.8 25.5 25.5 
Alcohol (g/day) 11.8 11.9 12.1 11.8 12.1 12.1 
Saturated fat (g/day) 25.4 23.9 25.2 24.8 24.5 24.8 
Monounsaturated (g/day) 26.7 25.6 26.7 26.3 25.8 26.3 
Polyunsaturated (g/day) 13.7 13.4 13.8 13.6 13.5 13.7 





* Standardized to the age distribution of men without any parental history of myocardial infarction. 
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Coronary Artery Surgery in a Population of U.S. Men 


Total Myocardial Infarction 


Age-Adjusted RR 


Person-Years Cases 


Neither s 1.0 

Both ‘ 2.0 (1.3-3.2) 

Maternal history 

3.7 (1.5-9.3) 

1.2 (0.34.6) 

1.8 (0.8—4.1) 
270 1.4 (0.7-2.8) 

Paternal history 
<50 years 


<50 years 


2.3 (1.2-4.3) 
1.2 (0.7-2.1) 
1.8 (1.2-2.8) 
0.7 (0.4-1.3) 


TABLE Ill Family History of Myocardial Infarction in Relation to Age-Adjusted Relative Risk of Total Myocardial Infarction and 


Coronary Artery Surgery 


Age-Adjusted RR 


Multivariate RR Cases Multivariate RR 


1.0 Reference 1.0 
1.8(1.1-3.1) 1.6 (0.8-3.2) 


1.0 Reference 
1.9(1.0, 3.9) 


5.4 (2.2-13.6) 
1.6 (0.5-4.9) 
1.5 (0.7-3.4) 
1.3 (0.7-2.7) 


1.7 (0.2-11.8) 
1.1 (0.2-7.8) 
1.1 (0.3-4.6) 
1.7 (0.8-3.9) 


1.2 (0.3, 4.8) 
0.9 (0.1, 6.7) 
1.0 (0.2, 3.9) 
2.0 (0.9, 4.4) 


2.2 (1.2—4.1) 
1.3 (0.8-2.2) 
1.8 (1.2-2.8) 
0.7 (0.4-1.4) 


3:1 (1.5-6.5) 
3.2 (1.9-5.2) 
2.0 (1.1-3.5) 
1.7 (0.9-3.0) 


3.0 (1.4, 6.2) 
3.0 (1.8, 5.1) 
1.9 (1.1, 3.4) 
2.1 (1.2, 3.6) 


RR = relative risk. 


ages. Compared with men without any history of pa- 
rental MI, the relative risks of nonfatal MI plus fatal 
CAD were 3.6 (1.4 to 9.2) for a history of maternal 
MI at <50 years, and 2.3 (1.2 to 4.4) for a paternal 
MI at <50 years (Table III). 

When we examined coronary artery surgery, we ob- 
served that for a maternal onset of MI at <50 years, 
the relative risk was 1.7 (0.2 to 11.7), and for a pater- 
nal onset of MI at <50 years, the relative risk was 3.6 
(1.8 to 7.1). The relative risks for coronary artery sur- 
gery were elevated for paternal onset of MI at all ages 
(Table III). 

When both parents had a history of MI, the risk of 
MI among the men was elevated regardless of parental 
age at onset. Compared with men without any history 
of parental MI, those whose parents both had an onset 
of MI at <60 years had an age-adjusted relative risk of 
3.8 (1.0 to 13.8); for all other men whose parents both 
had a history of MI, the relative risk was 1.7 (1.0 to 
2.8). The corresponding values for coronary artery sur- 
gery were 3.5 (0.6 to 25.0) when both parents had MIs 
at <60 years, and 1.7 (0.8 to 3.5) for all others. 

Because the prevalence of CAD risk factors differed 
only slightly between men with and without a parental 
history of MI (Table II), we expected that little of the 
observed effect of family history would be accounted 
for by these variables. Adjustment for each of these 
factors with age in individual stratified analyses shows 
that the association of parental history with hyperten- 
sion and hypercholesterolemia explains only part of the 
effect; control of the other risk factors and dietary vari- 
ables did not materially alter the initial findings. Con- 
trol for hypertension lowered the age-adjusted relative 
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risk for maternal history of MI at <50 years, from 3.7 
to 2.8, and for a paternal history of MI at <50 years, 
from 2.3 to 2.2. Likewise, when a logistic model was 
used to adjust simultaneously for these factors, we ob- 
served little change in relative risks for MI or coronary 
artery surgery (Table III). 

Maternal versus paternal history: We observed lit- 
tle difference between the relative risks of MI among 
men with either a maternal or paternal history of MI. 
To test for the difference in effect due to the gender of 
the parent with an MI, we fitted a logistic model that 
included a term for maternal age at MI and a term for 
paternal age at MI (each mean centered) as well as 2 
indicator variables for gender (1 = father with history, 
0 = other; and | = mother with history, 0 = other). 
When all variables were fitted to the full multivariate 
mode] we observed no statistically significant differ- 
ence between maternal and paternal history of MI and 
the risk of MI for the subject (test for difference in 
coefficients, z = 1.08; p = 0.28). The adjusted trend in 
risk for increasing age at maternal MI (in 5-year age 
categories) was 8 = —0.289 (standard error = 0.157) 
and, for paternal age, was 6 = —0.247 (standard error 
= 0.112). The similarity of coefficients for maternal 
and paternal history suggests that the trend in risk with 
parental age at MI is independent of gender. 

Parental history and risk of coronary artery bypass 
graft were, however, significantly related to gender. Pa- 
ternal history of MI at <70 years was associated with a 
doubling in risk of coronary artery bypass graft, in con- 
trast with a 25% increase in risk among men with a 
maternal history of MI (the test for difference between 
these associations, z = 4.3; p = 0.001). The relation 
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between age at first MI and risk of coronary artery 
bypass grafting for men was similar to that for MI (8 
= —0.205; standard error = 0.124); however, for the 
fewer cases of coronary artery bypass graft with mater- 
nal history of MI, the association with maternal age 
was null (8 = —0.008, standard error = 0.241). 

Because risk associated with a family history of MI 
has been reported to vary with age, we examined the 
risk for history of MI in either parent across 10-year 
age strata. The relative risk associated with a family 
history of MI at <60 years was elevated in all age 
strata, but tended to be stronger among men aged 40 to 
49 years (relative risk = 4.2), decreasing with increas- 
ing age (relative risk = 2.4 for men aged 60 to 69 
years). The small number of cases precluded a more 
detailed analysis. 


DISCUSSION 

These prospective data show a strong association be- 
tween parental history of MI and risk of CAD that is 
independent of diet, smoking, body mass index, alcohol 
intake, and history of hypertension, hypercholesterol- 
emia and diabetes mellitus. This association persisted 
for parental history of MI at <70 years among men 
and for maternal history of MI at all ages, but the 
strength of the association was attenuated both at older 
parental ages as well as older age of the individual at 
risk. 

Although recall or selection bias cannot influence 
the findings in a prospective study, the relative risks 
could be distorted if follow-up differed in completeness, 
depending on family history of MI. This would occur if 
men with a parental history of MI who developed CAD 
had a greater propensity to remain in the cohort than 
those without a parental history who also developed 
CAD. Because follow-up was 96% complete, this can- 
not explain the observed results. Furthermore, the strict 
criteria for MI requiring hospitalization and the surveil- 
lance of the entire cohort for fatal disease minimize any 
potential for bias related to the primary end point of 
nonfatal MI or fatal CAD. 

Information on potentially confounding factors is 
based on self-reporting. There are several reasons to be- 
lieve that these reports are reliable. Self-reported 
history of hypertension and hypercholesterolemia were 
strong risk factors in multivariate models, consistent 
with findings from many previous studies that involved 
direct measurement of these variables. A moderate re- 
duction in the effect of parental history was noted when 
controlling for hypertension and hypercholesterolemia, 
and improved measurement of these variables might 
further decrease the independent effect of parental his- 
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tory. Hypertension and hypercholesterolemia, rather 
than confounding variables, are likely part of the mech- 
anism or pathway by which parental history may exert 
its influence on the risk of CAD among offspring.28-3° 
Thus, a decision on whether to control for these risk 
factors depends on whether interest is in the overall ef- 
fect of parental history or in the residual effect of pa- 
rental history after known mechanisms for transmitting 
risk are eliminated. Other risk factors that were con- 
trolled for include dietary fat intake and alcohol con- 
sumption; the validity of these variables has been docu- 
mented within the present cohort study.?5 

In contrast with other reports of a stronger relation 
between paternal than maternal history of MI and the 
risk of CAD,®.?:!222 we previously reported a similar 
influence of parental history in mother and father on 
the risk of MI among women.” In the present study, 
we again observed a similar effect for either parent with 
respect to the risk of MI, and a somewhat stronger ef- 
fect for paternal history on the risk of coronary artery 
bypass graft, although the results are based on small 
numbers. The trend for an increasing risk of MI with 
younger parental age at first MI was independent of 
gender. However, we cannot be certain that a differ- 
ence in effects for maternal and paternal history would 
not emerge with accrual of larger numbers of cases of 
CAD. Furthermore, the relation between parental his- 
tory of MI and the risk of CAD was observed among 
older as well as younger participants in the study, al- 
though the relative risk among the older subjects was 
somewhat reduced. In some studies, family history was 
not related to CAD among older subjects.*:? Overall, 
the results of this and earlier studies are consistent with 
as yet unidentified genetic factors or common environ- 
mental factors, or both, that are shared by families. 
Recent evidence that heterozygotes for homocystinuria 
are at a significantly higher risk of CAD?! would pro- 
vide an explanation for at least some of this familial 
risk that does not appear to be mediated by convention- 
al risk factors. 

Previous prospective studies of family history of MI 
and risk of CAD among men have been limited by the 
lack of data on dietary factors. We found that dietary 
lipids and alcohol intake did not account for the associ- 
ation between a parental history of MI and the risk of 
CAD, thus increasing the likelihood that genetic factors 
rather than some unmeasured environmental factors 
explain this relation. Although our understanding of the 
etiology of CAD would be enhanced if it were possible 
to differentiate between these possibilities, the distinc- 
tion is not of direct importance if a parental history of 
MI is used to predict the probability of MI in subjects. 
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These data emphasize the importance of obtaining 
family history data in an assessment of cardiovascular 
risk. When either parent has a history of MI, especially 
with onset at a young age, subjects should receive spe- 
cial counselling for risk reduction. 
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Usefulness of Weightlifting Training in improving 
Strength and Maximal Power Output in 
Coronary Artery Disease 


Neil McCartney, PhD, Robert S. McKelvie, MD, David R. S. Haslam, MSc, 
and Norman L. Jones, MD 


The effects of 10 weeks (20 sessions) of com- 
bined weightlifting and aerobic training (n = 10) 
were compared with the effects of aerobic train- 
ing alone (n = 8) on indexes of strength and aer- 
obic exercise capacity in 18 men with coronary 
artery disease (CAD). Initial test performance 
was similar between groups. After aerobic train- 
ing, the maximal load that could be lifted once 
only (1-repetition maximum) in single-arm curl, 
single-leg press and single-knee extension exer- 
cises increased by 13% (11.8 to 13.3 kg; p 
<0.01), 4% (97.0 to 101.0 kg; difference not 
significant) and 5% (28.2 to 29.7 kg; difference 
not significant), respectively; corresponding 
gains with combined weightlifting and aerobic 
training were 43% (12.2 to 17.4 kg; p <0.01), 
21% (99.0 to 120.0 kg; p <0.01) and 24% 
(29.0 to 36.0 kg; p <0.01). After aerobic train- 
ing, the initial 1-repetition maximum could be 
lifted an average of 4 times, compared with 14 
times after combined training. Maximal progres- 
sive incremental cycle ergometer power output 
increased by 2% in the aerobic control group 
(1,088 to 1,113 kpm/min; difference not signifi- 
cant) and by 15% (1,030 to 1,180 kpm/min; p 
<0.05) in the experimental group. Cycling time 
at 80% of initial maximal power before attaining 
a Borg (0 to 10) rating of perceived exertion of 7 
very severe) increased by 11% (604 to 672 sec- 
onds; difference not significant) and by 109% 
541 to 1,128 seconds; p <0.05) in the control 
and weight-trained patients, respectively. In pa- 
ients with CAD, combined aerobic and weight- 
ifting training was a more effective method of 
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increasing aerobic performance and strength 
than traditional aerobic training alone. 
(Am J Cardiol 1991;67:939-945) 


coronary artery disease (CAD) and a previous 

myocardial infarction may be restricted by limi- 
tations in cardiac function, but leg fatigue often results 
in the termination of exercise without any concurrent 
evidence of a cardiorespiratory limitation.! A recent 
study from our laboratory? revealed that patients with 
the same exercise performance in a progressive incre- 
mental cycle ergometer test may exhibit large differ- 
ences in the maximal power output capacity of their leg 
muscles. It was hypothesized that the progressive exer- 
cise performance in a patient with very powerful legs 
was most likely restricted by poor cardiovascular func- 
tion, whereas in the subjects with weak leg muscles this 
deficit may have been the primary limiting factor to 
exercise. It thus seems likely that in addition to conven- 
tional aerobic endurance exercise, patients with CAD 
who have weak leg muscles may derive additional bene- 
fit from activities such as weightlifting training, which 
specifically addresses the deficit of peripheral muscle 
strength. 

Traditional cardiac exercise rehabilitation programs 
have generally omitted systematic strength training ac- 
tivities, probably because of the abrupt increase in heart 
rate and arterial pressure that is associated with 
even moderate isometric contractions of small muscle 
groups.? In recent years, however, several investigators 
reported acceptable circulatory responses to weight car 
rying*» and weightlifting training® in selected patients 
with CAD. Nevertheless, there is only a single pub- 
lished investigation on the efficacy of supplementary 
weightlifting training in cardiac exercise rehabilitation 
that used a control group®; the study confirmed that 10 
weeks of low-intensity (40% 1-repetition maximum ) 
circuit weight-training was well tolerated by patients 
with CAD, and resulted in average strength gains of 
24% and an increase of 12% in the time to exhaustion 


T he maximal exercise capacity of patients with 
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on a standard Bruce treadmill test. Because these im- 
provements resulted from a training program with 
moderate loads, it seemed probable that weightlifting at 
a higher intensity would produce even greater gains in 
strength and exercise capacity. This hypothesis was 
tested in the present study and we also measured 
changes in muscle fatiguability, submaximal exercise 
endurance capacity, and perceived exertion during ex- 
ercise; in contrast to the work of Kelemen et al,° a cycle 
ergometer was used for the evaluation of exercise ca- 
pacity rather than a treadmill. 


METHODS 

Subjects: The subjects were 24 men (mean + stan- 
dard deviation: age, 52 + 2 years; weight, 84.5 + 3.6 
kg; height, 175 + 2 cm) with well-documented CAD 
who had been participating in the Chedoke-McMas- 
ter Cardiac Exercise Rehabilitation Program for 21 
month (mean 5.6 months). Of the 24 subjects, 23 had 
a previous myocardial infarction, 3 had bypass surgery 
and 1 had exertional angina. Thirteen subjects took 8- 
blocking drugs, 7 took calcium antagonists, 9 used ni- 
trates and 4 took diuretics; medications remained un- 
changed throughout the study. Of the initial 24 sub- 
jects, 18 completed the study (see Results). Patients 
were informed of the procedures and risks involved in 
the study, and written consent was freely obtained; the 
study was approved by the institutional ethics commit- 
tee. Exclusion criteria included unstable angina, resting 
systolic pressure >160 mm Hg or resting diastolic pres- 
sure >95 mm Hg, abnormal blood pressure response to 
exercise, uncontrolled atrial or ventricular dysrhythmias 
at rest or during exercise, ventricular aneurysm, resting 
tachycardia, uncontrolled heart failure, resting ST-seg- 
ment displacement >2 mm, maximal heart rate <100 
beats/min, chronic obstructive or restrictive pulmonary 
disease, and major orthopedic disability. 

Experimental design: After pretraining testing, sub- 
jects were stratified according to the length of their par- 
ticipation in the exercise program, the drugs that they 
were taking, and in relation to the strength capacity of 
their knee extensors, expressed per kilogram of body 
weight. Maximal lifting capacity was measured in uni- 
lateral leg press and knee extension exercises performed 
on a Global Gym (Downsview, Ontario) multistation 
weightlifting apparatus, and maximal torque was re- 
corded at 2 different angular velocities on the isokinetic 
Cybex (Lumex, Ronkonkama, New York) apparatus. 
After stratification, subjects were assigned at random 
to either an aerobic training group (control) or to an 
aerobic training plus weightlifting group (combined 
training). 

Training intervention: Subjects completed 2 super- 
vised training sessions each week for 10 weeks; compli- 
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ance was defined as the completion of 20 sessions with- 
in 12 consecutive weeks. In each session both groups 
did 10 minutes of warm-up, before 35 minutes of either 
aerobic endurance exercise at 60 to 85% of maximal 
heart rate (control group) or weightlifting training 
(combined training group). After a 5- to 10-minute 
warm-down, the control group engaged in 20 to 30 
minutes of recreational games, such as volleyball or 
badminton, whereas the combined training subjects 
completed their aerobic training and a warm-down. To- 
tal exercise time was comparable between the 2 groups. 
Aerobic activities included arm and leg cycle er- 
gometry, walking and jogging. The weightlifting train- 
ing comprised single-arm curl, single-leg press, single- 
leg calf extension and single-leg knee extension exercis- 
es, performed in turn by both limbs. In the initial ses- 
sions, subjects did 2 sets of 10 (arms) or 15 (legs) 
repetitions with weights corresponding to 40 to 50% of 
the maximal load that could be lifted once only (1- 
repetition maximum); this was gradually increased to 3 
sets at approximately 80% of the |-repetition maxi- 
mum by the end of the study. The 1|-repetition maxi- 
mum in each exercise was reevaluated every fourth ses- 
sion and the training loads were subsequently adjusted 
to maintain the relative intensity constant. During 
weightlifting, subjects were encouraged to breathe free- 
ly without breath-holding; correct technique and body 
position, and a comfortable rhythmic cadence were em- 
phasized throughout. 

Patient monitoring: To ensure that subjects adhered 
closely to their exercise prescriptions, they were moni- 
tored closely by the rehabilitation program staff, indi- 
vidual training log books were reviewed after each ses- 
sion by the program supervisor, and any potential med- 
ical problems were assessed by the attending physician. 

Measurements: Before and after the training peri- 
od, subjects participated in several tests to measure pe- 
ripheral muscle strength and power, and exercise ca- 
pacity. 

Maximal weightlifting capacity: The |-repetition 
maximum (kg) was measured on the training appara- 
tus during several trials on 2 separate days. The 1-repe- 
tition maximum was recorded in unilateral elbow flex- 
ion, knee extension and leg press exercises. In addi- 
tion, at the end of the study the subjects attempted to 
lift successively their pretraining |-repetition maximal 
loads as many times as possible. 

Maximal isokinetic torque: Maximal unilateral 
torque of each leg was assessed with both a Cybex II 
isokinetic dynamometer and a Cybex (Lumex, Ron- 
konkoma, New York) leg press apparatus coupled to 
the dynamometer, as described previously.!° Torque 
signals were recorded on a 2-channel oscillograph re- 
corder (Hewlett Packard 7402A, San Diego, Califor- 
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nia). In knee extension exercise, each leg was extended 
from an initial 90° joint angle through to full extension, 
at angular velocities of 90 and 180°/second, selected in 
random order.!! In leg press exercise, the initial knee 
joint angle was also 90°, and proceeded to full exten- 
sion during the lift. Leg press was performed at lever 
arm angular velocities of 30 and 75° /second, selected 
in random sequence. In both movements, maximal 
torque was defined as the highest value generated dur- 
ing 3 maximal efforts at each of the angular velocities. 
Impulse and the average torque were calculated from 
the chart recorder tracings. 

Torque fatigue test: All subjects did 25 consecutive 
maximal knee extensions (approximately 30 seconds) 
on a Cybex II isokinetic dynamometer at a lever arm 
angular velocity of 180°/second, resuming the starting 
position passively between each contraction.!! Peak and 
average torque and the impulse produced in each con- 
traction were recorded. The percent decline in torque 
over the 25 contractions was calculated and expressed 
as a fatigue index; the average of the best 3 of the first 
5 or 6 contractions and the final 3 contractions was 
used in the calculations. 

Progressive incremental cycle ergometer test: 
Maximal exercise capacity was measured in a progres- 
sive incremental exercise test!? using an electrically 
braked cycle ergometer (Siemens Elema 370). The ini- 
tial power output was 100 kpm/min and was increased 
by 100 kpm/min at the end of each minute until the 
patient could no longer maintain the required cadence 
of 60 rpm, or until chest pain, an unacceptable blood 
pressure response (a decrease in systolic pressure below 
that at rest, a decrease >20 mm Hg in systolic pressure 
after the normal exercise increase, an increase in dia- 
stolic pressure >15 mm Hg, a maximal systolic pres- 
sure >250 mm Hg) or untoward electrocardiographic 
changes caused the test to end. Heart rate was moni- 
tored continuously using a 12-lead electrocardiogram 
(1515-B Automatic Cardiograph, Hewlett Packard) 
and a recording was obtained at the end of each min- 
ute. Blood pressure was measured with a sphygmoma- 
nometer at alternate work loads. Symptoms of leg ef- 
fort, dyspnea and chest pain were rated at the end of 
each minute using the Borg scale (0 to 10).!3 None of 
the tests was terminated by the attending physician be- 
cause of untoward clinical signs, or electrocardiographic 
changes suggestive of significant myocardial ischemia. 

Submaximal cycling endurance test: In this test 
subjects cycled on an electrically braked cycle ergome- 
ter (Jaeger E/9) at a power output equal to 80% of the 
maximal power that was achieved in the initial progres- 
sive incremental test. The exercise was terminated 
when subjects reported a Borg scale leg effort rating of 
7 (very severe), and the elapsed time was noted and 


used as a measure of endurance capacity. Borg ratings 
of leg effort, dyspnea and chest discomfort were as- 
sessed at the end of each minute. Subjects announced, 
without prompting, if leg effort ratings of 4 (somewhat 
severe) and 7 (very severe) were experienced between 
minutes. Heart rate was monitored throughout exercise 
and during recovery. 

Statistical analysis: Comparisons of pre- and post- 
measures were made within and between groups using 
either 2- or 3-way repeated measures analysis of vari- 
ance. Statistical significance was accepted at p <0.05. 
The Newman-Keuls procedure was used to identify the 
location of specific differences when significant F values 
were found. 


RESULTS 

Subjects: After stratification, the patients in the 
control and combined training groups were comparable 
with respect to age, height, weight, number of months 
in the Exercise Rehabilitation Program, myocardial in- 
farction, coronary artery bypass graft surgery, and 
the use of 8 blockers, calcium antagonists, nitrates 
and diuretics. No patients developed any significant 
symptoms of myocardial ischemia during the study. 
Two of 13 control subjects voluntarily withdrew from 
the study. In addition, 1 control patient was lost be- 
cause of coronary artery bypass surgery and | com- 
bined training patient dropped out because of a family 
tragedy. Data from subjects who did not complete 20 
sessions within 12 weeks were excluded from group 
analysis; 1 control subject and 1 combined training sub- 
ject were noncompliers. 

Maximal weightlifting capacity: The average in- 
crease in the |-repetition maximum in the combined 
training group for all exercises was 29%, compared 
with an average increase of 8% in the control group 
(Figure 1). In particular, the single-arm curl strength 
of the combined training group increased by 42% 
(mean + standard error of the mean, 12.2 + 0.6 to 
17.4 + 0.8 kg; p <0.01), compared with a smaller but 
nevertheless significant gain in the control group of 
13% (11.8 + 0.5 to 13.3 + 0.6 kg; p <0.01). With 
single-knee extension exercise there was a significant 
increase of 25% (28.9 + 1.9 to 36 + 2.2 kg: p <0.01) 
in the combined training group, compared with an in- 
crease of only 5.3% (28.2 + 1.9 to 29.7 + 1.9 kg: dif- 
ference not significant) in the control group. Similarly, 
the combined training group demonstrated a significant 
increase in single-leg press strength of 21% (99 + 3 to 
120 + 4 kg; p <0.01), but there was a corresponding 
increase in the control group of only 5% (97 + 5 to 101 
+ 5 kg; difference not significant). 

Weightlifting endurance: After training, all subjects 
attempted to lift their initial 1-repetition maximal load 
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successively as many times as possible. Averaging the 
single-arm curl, single-knee extension and single-leg 
press exercises, the pretraining l-repetition maximal 
load was lifted 14 times by the combined training group 
and 4 times by the control group. The results are pre- 
sented in more detail in Figure 2. 

isokinetic torque: After training, neither group had 
significant changes in peak torque (+7%), average 
torque or impulse in either of the single-leg exercises. 
Similarly, there was no change in the fatigue index over 
25 successive knee extension exercises in either group 
(average decline of approximately 34%). 

Progressive incremental exercise: After training, 
there was a significant increase (15%, p <0.05) in the 
maximal power achieved during progressive incremen- 
tal cycle ergometer exercise in the combined training 
group, but no improvement (+2%, difference not sig- 
nificant) in the control group (Figure 3). The results 
were similar when expressed as the percentage predict- 
ed for a healthy matched control population.'* The 
combined training group had a significant increase 
from 83 + 4 to 96 + 3% (p <0.01) of predicted maxi- 
mal power, whereas there was only a small (difference 
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FIGURE 1. One-repetition maximum in single-arm curl, single- 
knee extension and single-leg press exercise, before (open 
bars) and after (shaded bars) 10 weeks (20 sessions) of ei- 
ther endurance training or combined aerobic and weightlifting 
training. **p <0.01. 
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not significant) increase in the control group (89 + 3 to 
92 + 3%) (Figure 3). 

At the higher submaximal cycling work loads (Fig- 
ure 4), and at relative intensities >50% of pretraining 
maximal power (Figure 5), the mean rating of per- 
ceived leg exertion after training was unchanged in the 
control group, but was lower in the combined training 
group. 

Submaximal cycling endurance capacity: The time 
to a Borg scale leg effort rating of 7 while cycling at 
80% of initial maximal power increased significantly, 
by 109% (p <0.05) in the combined training group, 
from 541 + 61 seconds before training to 1,128 + 205 
seconds after training (Figure 6). In contrast, the corre- 
sponding 11% improvement in the control group was 
insignificant (604 + 98 to 672 + 66 seconds; difference 
not significant). The time to a Borg scale leg effort rat- 
ing of 4 at 80% of initial maximal power yielded similar 
findings; the increases in the combined training and 
control groups were 95% (350 + 50 to 684 + 117 sec- 
onds; p <0.05) and 13% (354 + 47 to 399 + 56 sec- 
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FIGURE 2. Number of times after training (shaded bars) that 
the initial 1-repetition maximum (open bars) could be succes- 
sively lifted in single-arm curl, single-knee extension and sin- 
gle-leg press exercise after 10 weeks (20 sessions) of either 
aerobic endurance training or combined aerobic and weight- 
lifting training. 
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onds; difference not significant), respectively (Fig- 


ure 6). 


DISCUSSION 


Maximal weightlifting capacity: Traditional cardiac 
rehabilitation involves activities such as walking, jog- 
ging and stationary cycling. It is only recently that a 
few reports of low-intensity circuit weight-training have 
demonstrated the apparent safety and potential benefits 
of this mode of exercise in patients with CAD and a 
previous myocardial infarction. In the present study we 
showed that weightlifting training with heavier weights 


was well tolerated by patients, and resulted in signifi- 
cant gains in the maximal load that could be lifted 
once, in weightlifting endurance and in aerobic exercise 
capacity, with attendant reductions in perceived exer- 
tion during exercise. 

Weightlifting training in healthy persons is known 
to increase muscular strength, alter body composition 
and promote variable increases in aerobic capacity.!>.!6 
The 2 previous studies of short-term weightlifting train- 
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population (lower panel), before (open bars) and after (shad- 
ed bars) 10 weeks of either aerobic or combined training. 
*p <0.05; **p <0.01. 
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ing in patients with CAD found average gains in 
strength of up to 24%6!7 and a significant increase in 
the maximal treadmill time to exhaustion of 12%,6 
changes that are similar to those observed in many 
studies of healthy subjects.'*:!? In the present investiga- 
tion we noted average increases in lower limb 1-repeti- 
tion maximum (23%) and single-arm curl |-repetition 
maximum (42%) that were also comparable to many 
previously published data in healthy young and older 
subjects after a similar training protocol.2°-22 Patients 
with CAD thus respond to weightlifting training with 
increases in dynamic strength that are qualitatively 
similar to those in healthy subjects. As we previously 
noted in older healthy subjects? and in patients with 
neuromuscular disorders,*4 the weight-trained patients 


NON-WEIGHT TRAINED 


BORG SCALE RPE 


O 100 300 500 70 900 1100 1300 


o 
WORKLOAD (kpm/min) 


WEIGHT TRAINED 


BORG SCALE RPE 


600 800 1000 


400 1200 
WORKLOAD (kpm/min) 


1400 





FIGURE 4. Ratings of perceived leg exertion during progres- 
sive incremental cycle ergometry exercise at each power out- 
put, before (solid symbols) and after (open symbols) 10 
weeks of either aerobic or combined training. All non-weight- 
trained patients completed 800 kpm/min and all weight- 
trained patients 700 kpm/min. Data points above these power 
outputs represent differing numbers of patients. 
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were able to lift their pretraining l-repetition max- 
imum an average of 14 times, compared with 4 times 
achieved by the control patients. This could mean that 
many strength-related activities of daily living that 
would require a near maximal or maximal effort by a 
patient would become quite tolerable after even a short 
period of weightlifting training. 

Maximal isokinetic torque: Also in agreement with 
findings of other investigators, the large increases in 
maximal weightlifting load found in the present study 
were not matched by the small (7%) gains in maximal 
isokinetic torque.2>> It has been suggested?> that this 
difference may be attributed to a neural adaptation 
that is specific to the type of training. Hence, improve- 
ment is the greatest when measurements are made on 
the training apparatus. 

Maximal progressive incremental exercise capaci- 
ty: Weight-training resulted in a significant 15% 
increase in maximal power output during cycle er- 
gometry, compared with no change in the control 
group. This change in the experimental group is com- 
parable to the gains in maximal oxygen uptake ob- 
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FIGURE 5. Ratings of perceived leg exertion during progres- 
sive incremental cycle ergometry exercise at percentages of 
the pretraining maximal power (Wmax), before (solid sym- 
bols) and after (open symbols) 10 weeks of either aerobic or 
combined training. 
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served in healthy sedentary middle-aged and older men 
after aerobic endurance training of similar duration?® 
and in many studies of patients with CAD.!27:28 The 
absence of any increase in the aerobic training group 
was probably because subjects had participated in a su- 
pervised cardiac exercise program for an average of 5.6 
months before the study and were thus already trained; 
this fact makes it all the more remarkable that the 
weightlifting training resulted in a further 15% gain in 
maximal power output capacity. In a recent study of 
heavy endurance training in patients with CAD, we 
noted similar relative increases in the maximal power 
output during progressive incremental cycle ergometry 
and the maximal short-term power output in isokinetic 
cycle ergometry,” suggesting that improved skeletal 
muscle power may have contributed importantly to the 
increased aerobic exercise tolerance. The present results 
support this contention. Most of the weight-trained 
group had similar improvements in maximal power 
output and in measures of lower limb strength, whereas 
the control group had minimal changes in both. On the 
other hand, 2 of the weight-trained patients achieved an 
identical maximal power output during cycle ergometry 
before and after training, but increased their lower limb 
strength by an average of 25%. This also supports our 
previous proposition that in patients with CAD who 
have strong legs the limiting factor in progressive incre- 
mental exercise is probably poor cardiovascular func- 
tion,? and this may be less amenable to change with 
training. 

Perceived exertion during incremental exercise: 
Weightlifting training resulted in a reduced rating of 
perceived leg exertion during cycle ergometry at the 
higher work loads, and at relative intensities >50% of 
the pretraining maximal power output, but there was 
no change in the control group. Numerous factors are 
responsible for perceived leg exertion during exercise, 
including peak tension, duration and frequency of con- 
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FIGURE 6. Cycle ergometry time at 80% of the pretraining 
maximal power output before attaining a Borg rating of per- 
ceived exertion for the legs of either 4 (somewhat severe) or 7 
(very severe). Open bars, before, and shaded bars, after 10 
weeks of either aerobic or combined training. *p <0.05. 
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traction, muscle length, and the extent and velocity of 
muscle shortening, as well as muscular strength capaci- 
ty.2? During cycle ergometry most of these factors are 
controlled and perceived exertion is largely a function 
of the strength and metabolic condition of the lower 
limb musculature.*° It seems likely that in the present 
study the lower rating of perceived leg exertion in the 
weight-trained patients after training at the same abso- 
lute work load, and at the same percentage of initial 
maximal power, may be attributed to improved lower 
limb strength. With the increase in muscle strength af- 
ter training, any absolute submaximal work load would 
require a reduced relative effort and thus be perceived 
as less of a strain. This may result in weight-trained 
patients being able to perform strenuous activities of 
daily living with a diminished perception of effort. 

Submaximal cycling endurance capacity: This was 
defined as the time to a Borg scale rating of perceived 
leg exertion of 7 (very severe) during cycling at 80% of 
the pretraining maximal power output. The dramatic 
improvement in the weight-trained patients was sub- 
stantially greater than the increase in cycle ergometer 
endurance time recorded in healthy young men after 
heavy resistance weight-training by Hickson et al.!6 
This may support the concept*?* that the leg muscles 
of patients with CAD are quite often weak and decon- 
ditioned. 

The improvement may also be related to the atten- 
uation of perceived exertion noted at the higher cycling 
power outputs after training. The reduced perception of 
leg effort at the same absolute work load would have 
facilitated exercise for a longer period of time before 
symptoms of leg discomfort became limiting. Most do- 
mestic and occupational tasks require less than a maxi- 
mal effort; therefore, the observed decrease in percep- 
tion of effort during submaximal exertion may translate 
into improved function in many activities of daily living. 

In the present study we demonstrated that dynamic 
weightlifting training in combination with aerobic en- 
durance training was a more effective method of in- 
creasing muscle strength and maximal power output in 
conditioned patients with CAD than aerobic endurance 
training alone. An added benefit was a marked reduc- 
tion in perceived leg exertion during heavy submaximal 
exercise, which could possibly result in improved func- 
tion in many strenuous activities of daily living and an 
enhanced quality of life. 
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Transient Myocardial Ischemia During Daily Life - 


in Rest and Exertional Angina Pectoris and 
Comparison of Effectiveness of Metoprolol 
Versus Nifedipine 


Diego Ardissino, MD, Stefano Savonitto, MD, Kenneth Egstrup, MD, PhD, 
Paolo Marraccini, MD, Gianaugusto Slavich, MD, Maurizio Rosenfeld, MD, 
Giorgio A. Feruglio, MD, Pierluigi Roncarolo, MD, Mario P. Giordano, MD, 
Inger Wahlqvist, PhD, Nina Rehnqvist, MD, PhD, Paolo Barberis, MD, 
Giuseppe Specchia, MD, and Antonio L'Abbate, MD 


The clinical characteristics of 65 patients with 
mixed angina were classified by means of (1) a 
questionnaire investigating the proportion of 
symptoms occurring at rest and on effort, (2) an 
exercise stress test, (3) 24-hour ambulatory 
Holter monitoring, and (4) coronary arteriogra- 
phy. According to the questionnaire, the propor- 
tion of effort-induced anginal episodes ranged 
from 1 to 99%. The ischemic threshold during 
exercise testing ranged from 110 x 107 to 350 
X 102 mm Hg x beats/min. At least 1 episode of 
ST-segment depression was observed in 29 of 
the 65 patients during Holter monitoring. Isch- 
emic episodes during Holter monitoring were 
more frequent (p <0.05) in patients reporting 
>50% of anginal attacks on effort, with moder- 
ate to severe limitation of exercise capacity and 
with multivessel coronary artery disease. The ef- 
fect on ambulatory ischemia of a 6-week treat- 
ment with a 6 blocker (metoprolol CR, 200 mg 
once daily) or a dihydropyridine calcium antago- 
nist (nifedipine retard 20 mg twice daily) were 
then compared according to a double-blind, par- 
allel group design. Metoprolol significantly re- 
duced the number and duration of the ischemic 
episodes during daily life (p <0.05) irrespective 
of the patients’ clinical characteristics. Nifedi- 
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pine was ineffective, particularly in patients with 
angina predominantly on effort and with a mod- 
erate to severe reduction in exercise tolerance. It 
is concluded that in patients with mixed angina, 
ischemic episodes during daily life are more like- 
ly to occur in patients with a clinical presentation 
suggesting poor coronary reserve. The adminis- 
tration of a 8 blocker is highly effective in reduc- 
ing ambulatory ischemia and should be consid- 
ered as initial antiischemic treatment for mixed 
angina. 

(Am J Cardiol 1991;67:946-952) 


ixed angina is a clinical condition character- 
M ized by the coexistence of anginal episodes at 

rest and on effort. The relative prevalence of 
these 2 components accounts for the broad spectrum of 
clinical presentations of this syndrome, ranging from 
patients with symptoms predominantly at rest to pa- 
tients with symptoms occurring predominantly on ef- 
fort. For this reason, the therapeutic approach to mixed 
angina is not univocal. Beta blockers, which act mainly 
by reducing myocardial oxygen consumption, are clear- 
ly effective in effort-induced angina,' but the suspicion 
that they worsen spontaneous episodes*~* has limited 
their use when episodes at rest predominate. On the 
other hand, dihydropyridine calcium antagonists, which 
increase myocardial oxygen supply, have been exten- 
sively used to alleviate symptoms at rest, whereas their 
efficacy in reducing demand-related attacks is less im- 
pressive." This study was planned in an attempt to (1) 
define objectively the clinical presentation of patients 
with mixed angina on the basis of their anginal history, 
exercise test and ambulatory Holter monitoring; and 
(2) verify the effect of a dihydropyridine calcium an- 





tagonist or a 8 blocker during daily life in patients with 
a broad spectrum of mixed angina. 


METHODS 

Patient group: After giving informed consent, 65 
patients were enrolled in 5 centers. To qualify for en- 
rollment, patients had to report anginal symptoms at 
rest and on effort and to show a positive response to 
exercise testing (i.e., >1 mm of ST-segment depression 
on the electrocardiogram). Patients aged >75 years, 
those with heart failure, those who had had myocardial 
infarction in the preceding 3 months, and those with 
unstable angina that did not permit temporary with- 
drawal of antianginal therapy were excluded. Patients 
were also excluded if they had bundle branch block, no 
sinus rhythm, basal changes of ST segment on the elec- 
trocardiogram, valvular heart disease, or any combina- 
tion of these. 

Classification of angina: Before inclusion into the 
study, the patient’s anginal history was investigated by 
means of a specifically designed questionnaire based on 
visual analog scales; each patient was requested to tick 
the appropriate place on a 100-mm visual analog scale 
representing the proportion of effort-induced anginal 
attacks (ranging from 0 [episodes only at rest] to 100 
mm [episodes only on effort]). Patients were then classi- 
fied according to the proportion of episodes occurring 
yn effort by subdividing the 100-mm scale into 10 
ranks (1 to 9, 10 to 19, 20 to 29, and so forth, up to 90 
to 99) and by representing the results on a frequency 
distribution plot (Figure 1). The questionnaire also in- 
cluded items concerning factors other than effort that 
sould induce symptoms (such as cold, emotion and 
nental stress), and other characteristics of angina such 
as severity and duration of chest pain, the 24-hour dis- 
ribution of episodes and the variability of symptoms. 

Study design: Before randomization to metoprolol 
yr nifedipine, the patients entered a 2-week placebo 
‘un-in in which only sublingual nitroglycerin was al- 
owed to interrupt anginal attacks. At the end of this 
eriod, patients underwent 24-hour ambulatory moni- 
oring and a bicycle exercise test, according to a proto- 
zol with an initial work load of 30 W and subsequent 
ncrements of 10 W every minute. During this exercise 
est, blood pressure and a 12-lead electrocardiogram 
vere measured every minute. The rate-pressure prod- 
icts at 1 mm of ST-segment depression were used to 
lefine the patients’ ischemic threshold. Patients with 
‘ate-pressure products at l-mm ST-segment change 
£20,000 mm Hg X beats/min were arbitrarily classi- 
ied as having a severe to moderate exercise limitation, 
vhereas those with >20,000 mm Hg X beats/min 
vere considered as having a mild limitation of exercise 


tolerance. The patients were then randomly allocated to 
double-blind treatment with either metoprolol CR, 200 
mg once daily, or nifedipine retard, 20 mg twice daily, 
at 8 am. and 8 pm. for 6 weeks. At the end of this 
period, 24-hour ambulatory monitoring was repeated. 
As an appendix to the monotherapy period of the 
study, at week 6 all patients were blindly randomized to 
continue with the same treatment or to add the alterna- 
tive drug for an additional 4 weeks. Ambulatory moni- 
toring was repeated at the end of this part of the study. 

Holter monitoring: Ambulatory electrocardiographic 
monitoring was performed by means of AM recording 
equipment with a frequency response of 0.5 to 100 Hz, 
according to the American Heart Association’s specifi- 
cations for heart rate and ST-segment changes.* Two- 
lead systems were used based on the 2 leads showing 
maximal ST-segment depression during the exercise 
tests. Great care was taken to avoid leads with patho- 
logic Q waves or ST-segment abnormalities at rest and 
to note postural changes of the electrocardiogram. Ab- 
normal ST-segment changes were defined as >1 mm 
of ST-segment elevation or depression occurring 80 ms 
after the J point, lasting for 21 minute and separated 
from other episodes by =1 minute. Each patient kept a 
detailed diary and was instructed to activate the event 
button on the recorder to identify symptomatic isch- 
emic episodes. For each tape, the number of >1 mm 
ST-segment changes and the duration and amplitude of 
ST changes were noted. The number of such ischemic 
episodes, their duration and their maximal ST-segment 
shifts were combined into the term of ischemic burden 
(number of episodes X minutes X mm). To ensure uni- 
form reading of the recordings, reference tapes were 
circulated among the centers before starting the study 
and the readings were compared and found compatible. 
In each center, all tapes were read by the same investi- 
gator. The tapes were analyzed at 60 times the real 
time under continuous visual inspection, according to 
the routine in each center. The ischemic episodes were 
analyzed after recording them on electrocardiographic 
paper at a speed of 25 mm/s. 

Coronary arteriography: Before inclusion, selective 
coronary arteriography was performed in 51 patients. 
Coronary arteriography was not performed in the re- 
maining 14 patients because of unwillingness (5 pa- 
tients) or because angina was well controlled by medi- 
cal therapy (9 patients). Narrowing of >70% of 21 
coronary artery was considered as significant coronary 
artery disease. Patients were classified as having 1-, 2- 
and 3-vessel disease according to the number of vessels 
with significant stenoses. 

Statistical analysis: The primary end point of the 
study was the definition of the incidence of ischemic 
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episodes during ambulatory monitoring and the effect 
of treatment on this variable. The Mann-Whitney U 
test was used to compare the frequency of ischemic epi- 
sodes among the groups of patients. The reduction in 
number and duration of ST-segment changes on ambu- 
latory monitoring from the run-in was not considered to 
be normally distributed. For this reason, a nonparamet- 


Number of patients 


ric efficacy analysis was performed. Because the ran- 
domization sequence was balanced within each center, 
the comparisons between treatments were done within 
each center and then pooled over centers. This was 
achieved by using a stratified Mann-Whitney test. A p 
level <0.05 was considered statistically significant. All 
other variables are secondary end points, and their p 
values should be regarded as descriptive. The data are 
presented as proportion and mean + standard error of 
the mean. 


RESULTS 

Patient characteristics: Patient distribution with 
reference to the proportion of episodes occurring at rest 
and on effort is shown in Figure 1. A preferential clus- 
tering of patients is observed in the classes representing 
a higher prevalence of angina on effort. However, the 
whole spectrum of mixed angina was represented in our 
study population. Patients were also distributed over 
a wide range of rate-pressure products at ischemic 
threshold ranging from 11,000 to 35,000 mm Hg X 
beats/min (Figure 2). The randomization procedure 
equally distributed patients with different classes of an- 
gina and at different levels of rate-pressure products at 
ischemic threshold between treatments. The character- 
istics of the study population, subdivided by treatment 
allocation, are listed in Table I. 

Holter monitoring during placebo period: At the end 
of the placebo period, at least 1 episode of ST-segment 
depression was found in 29 patients (45%). These pa- 
tients had a total of 92 episodes of ST-segment depres- 
sion of which 71% were asymptomatic. No episodes of 
ST-segment elevation were recorded. Ischemic episodes 
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FIGURE 2. Patient distribution according 
to the rate-pressure product at 1-mm ST 
change during exercise testing. The figure 
within each column indicates the total 
number of ischemic episodes. 
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TABLE I Patient Characteristics 


Metoprolol Nifedipine 
(n = 33) (n = 32) 


Age (years) 

Men /women 

Previous myocardial infarction 
Systemic hypertension 
Diabetes mellitus 

Cigarette smoker 


8.2+0.6 
217417 


Exercise duration (min) 

Rate X pressure product at ischemia 
(beats/min X mm Hg/ 100) 

Number of major coronary 
arteries narrowed >70% in 
diameter at arteriography 


204 + 14 


(not performed) 


were more frequent in patients reporting 250% of an- 
ginal attacks on effort (63 of 92, 68%) compared with 
the group reporting angina predominantly at rest (29 of 
92, p <0.05) (Figure 1). The number of ST-segment 
depressions was more frequent among patients with 
moderate to severe limitation (72 of 92, 78%) than 
among patients with mild limitation of exercise capaci- 
ty (20 of 92, 22%; p <0.05) (Figure 2). Accordingly, 
the number of ischemic episodes was higher in patients 
with multivessel coronary disease (Figure 3). 

Results of the monotherapy period: Of the 65 pa- 
tients enrolled in the study, 64 were randomized to the 
monotherapy protocol. One patient was withdrawn at 


Number of 
ischemic episodes 


Metoprolol CR group 
(n=31) 


FIGURE 4. Number of ischemic episodes 
on Holter monitoring at the end of the run- 
in period (baseline), at the end of the ran- 
domized monotherapy period (week 6) and 
at the end of the randomized combined 
therapy period (week 10). Each line repre- 
sents a single patient: solid lines, patients 
adding placebo at week 6; dotted lines, 
patients adding the alternative drug. 
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FIGURE 3. Patient distribution according to the number of 
coronary arteries with stenoses >70% at angiography. The 
figure within each column indicates the total number of isch- 


the end of the run-in because of the development 
of unstable angina. Sixty-one patients completed the 
monotherapy part of the study, whereas 3 withdrew: 2 
patients in the nifedipine group (1 due to ankle edema 
and | because of unwillingness to continue the study), 


Number of 
ischemic episodes 


Nifedipine group 
(n= 30) 
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and | patient in the metoprolol group, who reported 
several anginal episodes during run-in, and was with- 
drawn after 2 weeks of randomized treatment owing to 
persistence of anginal symptoms. Thirty-one patients 
allocated to metoprolol and 30 patients allocated to ni- 
fedipine completed monotherapy. Among the 31 pa- 
tients completing the study with metoprolol, 15 had a 
total of 57 ischemic episodes on ambulatory monitoring 
at the end of the placebo period (Figure |). Of these 
episodes, 40 (70% ) were asymptomatic. After adminis- 
tration of metoprolol, 6 patients had a total of 13 epi- 
sodes, of which 10 (77%) were asymptomatic. Ten pa- 
tients, who had ST-segment depressions at the end of 
run-in, were free of any ST-segment depression by the 
end of monotherapy, whereas 3 patients had more epi- 
sodes (Figure 4). The mean number of episodes per 24 
hours in this group was reduced by 65% (from 1.8 + 
0.8 to 0.7 + 0.3; p <0.05). The mean duration of ST- 
segment changes was reduced by 67% (from 5.7 + 1.9 
to 1.9 + 0.9 minutes: p <0.02). The ischemic burden 
was also reduced by 80% (from 7.2 + 2.6 to 1.4 + 0.5 
minutes X mm; p <0.02). In the 6 patients with isch- 
emic episodes during both Holter monitorings, the 
heart rate at the onset of ischemia was reduced from 89 
+ 4 to 72 + 5 beats/min. The reduction in the number 
of ST-segment changes was similar in patients with an- 
gina predominantly at rest (—76%) and in patients with 
angina predominantly on effort (—80%) (Figure 5). 
Similarly, metoprolol reduced the number of ST-seg- 
ment changes both in patients with severe to moderate 


Number of ischemic 
episodes on Holter monitoring 


Metoprolol CR group 
(n= 31) 


Nifedipine group 
(n=30) 


<50% >50% 
Proportion of anginal episodes on effort 


ischemic episodes at the end 
of the run-in period 


J Ischemic episodes after 
NS 6 weeks of monotherapy 


FIGURE 5. Number of ischemic episodes on Holter monitoring 
at the end of the run-in period and at the end of the random- 
ized monotherapy period in patients with angina predominant- 
ly at rest (<50%), and in patients with angina predominantly 
on effort (250%). 
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limitation of exercise tolerance (—78%) and in those 
with mild limitation of exercise tolerance (—82%) (Fig- 
ure 6). The analysis of the diurnal distribution of 
the ischemic episodes showed a reduction of ischemic 
events in all but 1 of the 4-hour time windows (Figure 
7). Among the 30 patients completing the study in the 
nifedipine group, 11 had a total of 28 ischemic episodes 
on ambulatory monitoring at the end of the placebo 
period. Of these episodes, 20 (71%) were painless. Af- 
ter administration of nifedipine, 13 patients had a total 
of 52 ischemic episodes, of which 48 (92%) were 
asymptomatic. Three patients had fewer ischemic epi- 
sodes, including 2 who were free of any ST-segment 
depression by the end of monotherapy, whereas 8 pa- 


Number of 
ischemic episodes 


Metoprolol CR group 
(n=31) 


(n= 30) 


Nifedipine group 
0 
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Ischemic episodes at the end Rate pressure product/100 
of the run-in period at 1 mm ST-segment depression 


Y Ischemic episodes aft during exercise test 
N emic episodes after 
WS 6 weeks of monotherapy 





FIGURE 6. Number of ischemic episodes on Holter monitoring 
at the end of the run-in period and at the end of the random- 
ized monotherapy period in patients with moderate to severe 
limitation of exercise tolerance (<200) and in patients with 
mild limitation of exercise tolerance (>200). 
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FIGURE 7. Circadian distribution of ischemic episodes on 
Holter monitoring at the end of the run-in period and at the 
end of the randomized monotherapy period. 
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tients had more episodes. Four patients had the same 
number of ischemic episodes during both ambulatory 
monitorings (Figure 4). The mean number of ischemic 
episodes per 24 hours was 0.9 + 0.3 at the end of the 
run-in period and 1.8 + 0.6 after nifedipine (difference 
not significant). The mean duration of ST-segment 
changes increased by 132% (from 4.2 + 1.3 to 9.7 + 
3.3 minutes; p <0.05). The ischemic burden was 6.9 + 
2.2 minutes X mm at the end of run-in and 14.4 + 4.7 
after nifedipine (difference not significant). In the 7 pa- 
tients with ischemic episodes during both ambulatory 
monitorings, heart rate at the onset of ischemia was 
unchanged: 97 + 4 beats/min after run-in and 93 + 5 
beats/min after nifedipine. An increase in ischemic epi- 
sodes was observed, particularly in patients with angina 
predominantly on effort (+55%), whereas only 2 of the 
9 patients reporting angina predominantly at rest had 
ischemic episodes after nifedipine; these last 2 patients 
were free of ischemia at the end of the run-in period 
(Figure 5). Nifedipine increased the number of isch- 
emic episodes (+109%) in patients with severe to mod- 
erate limitation of exercise tolerance, while it reduced 
ischemic episodes (—44%) in those with mild exercise 
limitation (Figure 6). The increased ischemia was evi- 
dent in all but | of the 4-hour time windows (Figure 7). 

Results of combined treatment: Of the 61 patients 
completing monotherapy, 29 were randomized to add 
placebo and 31 to add the alternative drug. One patient 
previously allocated to nifedipine was withdrawn be- 
cause of inefficacy of medical treatment which advised 
coronary artery bypass surgery. Among the 15 patients 
adding placebo to metoprolol (Figure 4), 10 had the 
same number of ischemic episodes, whereas 5 had few- 
er ST-segment changes. Among the 14 patients adding 
placebo to nifedipine, 8 remained unchanged, whereas 
3 had more and 3 fewer ischemic episodes. Sixteen pa- 
‘ents in the metoprolol group were randomized to add 
nifedipine: of these patients, 13 had no ischemic episode 
zither at the end of the monotherapy or at the end of 
the combined therapy period, whereas in 3 patients the 
qumber of ischemic episodes increased during com- 
sined treatment. Fifteen patients in the nifedipine 
zroup were randomized to add metoprolol; of these, 9 
iad no ST-segment depression during either monother- 
ipy or combined therapy, 5 patients had fewer ischemic 
»pisodes and | had more episodes. 


DISCUSSION 

Although patients reporting episodes of chest pain 
oth at rest and on effort represent almost all of the 
inginal population, the clinical concept of mixed angina 
vas not been extensively used and is still ill defined. 
[his may be due to the fact that the term “mixed angi- 
1a” includes a wide spectrum of clinical presentations 


ranging from patients with angina predominantly at 
rest to patients with angina predominantly on effort. 
The first aim of this study was to define objectively the 
clinical presentation of patients with mixed angina on 
the basis of their clinical history, exercise test and am- 
bulatory Holter monitoring. The findings of the present 
study confirm that the definition of mixed angina as the 
concomitant presence of angina at rest and on effort 
includes patients with a proportion of symptoms on ef- 
fort ranging from 1 to 99% and that this definition cov- 
ers patients with mild to severe limitation of exercise 
tolerance. Holter monitoring has shown that the inci- 
dence of ischemic episodes during daily life is greater in 
patients with symptoms predominantly on effort, with 
moderate to severe limitation of exercise tolerance, and 
with multivessel coronary disease. This information 
may be useful since most ischemic episodes in our study 
were asymptomatic and the presence of silent ischemia 
had been related to a worse prognosis both in stable? 
and in unstable angina. !-!! 

The second purpose of this study was to evaluate 
whether this integrated approach to mixed angina may 
be useful in selecting initial medical therapy. For this 
reason we designed a randomized study to compare the 
effect on ambulatory ischemia of 2 drugs with different 
antiischemic mechanisms, namely a 8 blocker and a 
dihydropyridine calcium antagonist. The results of the 
study show that metoprolol reduced ischemic episodes 
in almost all patients, irrespective of their clinical pre- 
sentation and exercise tolerance, whereas nifedipine did 
not show an antiischemic efficacy and possibly in- 
creased ischemia in patients with angina predominantly 
on effort and with low exercise tolerance. These find- 
ings were partly unexpected, since it has been consid- 
ered that 6-blocking treatment may increase the num- 
ber and duration of ischemic attacks precipitated by 
abnormal coronary vasomotion.*~4 In fact, after admin- 
istration of metoprolol, we observed an equal reduction 
in ischemic episodes in patients with symptoms pre- 
dominantly at rest and on effort; the antiischemic effect 
was also similar in patients with a mild reduction and in 
those with a severe reduction in exercise tolerance. 
Some considerations may also be derived from the cir- 
cadian distribution of the ischemic episodes: as previ- 
ously reported by other investigators,!>!3 the ischemic 
episodes were reduced by a 8 blocker during daytime 
and nighttime, when ischemia is unlikely to be related 
to increased oxygen demand. This may be further proof 
that B-blocking treatment does not worsen episodes at 
rest in patients with mixed angina. Data suggesting 
that -blocking treatment may have a detrimental ef- 
fect on angina at rest originated from studies of variant 
angina, mainly involving provocative testing.2-4 How- 
ever, all studies investigating the antiischemic effect of 
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Relation of Stenosis Resolution Pressure 
to Long-Term Clinical Outcome 
After Successful Percutaneous Transluminal 
Coronary Angioplasty 


Randy K. Bottner, MD, Curtis E. Green, MD, Carolyn J. Ewels, 
and Kenneth M. Kent, MD, PhD 


Variables associated with a poor long-term prog- 
nosis after successful percutaneous transluminal 
coronary angioplasty (PTCA) include a short du- 
ration of symptoms before PTCA, unstable angi- 
na and the presence of thrombus at the PTCA 
site. These imply a component of transient or dy- 
namic obstruction as opposed to a pure fixed ob- 
struction. It is postulated that resolution pres- 
sure (i.e., the pressure at which complete balloon 
inflation occurs) may also correlate with progno- 
sis after successful PTCA. In 173 consecutive 
patients undergoing successful, elective, single- 
lesion PTCA, 48 (28%) were found to have nar- 
rowings that resolved at <2 atm (group 1) and 
125 (72%) were found to have narrowings re- 
solved at >2 atm (group 2). There were no sig- 
nificant differences in baseline, anatomic or pro- 
cedural variables between the 2 groups, except 
that angiographic coronary dissection occurred 
in 17% of group 1 patients versus 40% of group 
2 patients (p <0.007). During a mean follow-up 
of 12.0 + 6.1 months, the incidence of cardiac 
events (repeat PTCA, coronary artery bypass 
grafting or myocardial infarction) was 29% in 
group 1 versus 15% in group 2 (p <0.05). The 
overall incidence of angina was similar between 
the groups (25 vs 28%), but Canadian Cardio- 
vascular Association class 4 angina occurred 
significantly more frequently in group 1 than 
group 2 (21 vs 8%) (p <0.04). These data sug- 
gest that a low resolution pressure is associated 
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with a higher incidence of unstable angina and 
recurrent cardiac events during follow-up than 
higher resolution pressures. 

(Am J Cardiol 1991;67:953-956) 


oor short- and long-term clinical results after 
Precio transluminal coronary angioplasty 

(PTCA) have been demonstrated in patients 
with a short duration of symptoms,™? unstable angi- 
na? * and angiographic evidence of thrombus during 
the procedure.>~’ These variables suggest that the pres- 
ence of thrombus or a component of dynamic obstruc- 
tion is an important factor in the clinical syndrome, as 
opposed to a pure fixed obstruction. It has been our 
impression that patients with narrowings that resolved 
at a low atmospheric pressure (<2 atm) also tended to 
have a poorer long-term clinical course than patients 
with narrowings that resolved at higher pressures. Ac- 
cordingly, we prospectively evaluated a consecutive co- 
hort of patients undergoing successful | -vessel, single- 
lesion PTCA to determine if there was a difference in 
clinical follow-up between these 2 groups. 





METHODS 

All patients undergoing single-lesion PTCA by the 
senior investigator (KMK ) during 1985 were included 
in this study. Patients were excluded if: (1) PTCA was 
unsuccessful or necessitated emergency coronary artery 
bypass grafting; (2) PTCA was performed in a saphe- 
nous venous bypass graft; (3) PTCA was performed on 
a total occlusion; (4) PTCA was performed within 2 
weeks of an acute myocardial infarction; or (5) patients 
were lost to follow-up. 

All procedures were performed using steerable bal- 
loon dilatation systems. The size of the final balloon 
was estimated to be the size of the arterial segments 
adjacent to the stenosis. A 50% mixture of diatrizoate 
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TABLE I Baseline Historical Variables 


Group 1 
(n= 48) 











56.8 + 10.5 57.3 9.4 

















Age (yrs) 


Male gender (%) 38 (79) 93 (74) 
Symptom duration (mos) 5.4+ 12.8 7.1 +20.0 
CCA class 

1,2,3 (%) 26 (54) 85 (68) 

4(%) 22 (46) 40 (32) 
Prior AMI (%) 16 (33) 62 (50) 
CABG (%) 2 (4) 5 (4) 
Diabetes mellitus (%) 3 (6) 17 (14) 
Hypertension (%) 23 (48) 53 (42) 
Tobacco (%) 18 (38) 52 (42) 
Medications before PTCA (%) 

Aspirin 5 (10) 19(15) 

Beta blocker 27 (56) 62 (50) 

Calcium antagonists 32 (67) 90 (72) 










AMI = acute myocardial infarction; CABG = coronary artery bypass grafting; CCA = 
Canadian Cardiovascular Association. 


sodium and sterile heparinized saline was used for infla- 
tion and opacification of balloon systems. 

Pre- and post-PTCA angiograms were compared 
and narrowing severity was graded according to percent 
luminal diameter reduction measured by calipers on a 
magnified, projected image in 2 orthogonal views, com- 
paring the diseased segment with an average of the 
proximal and distal segments. The artery dilated, the 
extent of coronary artery disease (l-, 2- or 3-vessel) 
and the presence or absence of collateral flow to the 
dilated vessel were noted. A significant narrowing was 
defined as a >50% reduction in luminal diameter. Each 
narrowing dilated was assessed for fluoroscopically visi- 
ble calcium, thrombus (defined as the presence of an 
intraluminal filling defect) and eccentricity (defined as 
a lesion demonstrating smooth continuity of 1 of its 
borders with the adjacent vessel wall). All narrowings 
were <1 balloon in length. 

Resolution pressure was defined as the pressure, in 
atmospheres, as determined by the inflation device, at 
which complete disappearance of the plaque indenta- 
tion on the balloon occurred. Patients were divided into 
2 groups based on the resolution pressure of the nar- 
rowing. Group | patients had narrowings that produced 
either no visible indentation on the balloon or that re- 
solved at <2 atm. Group 2 patients had narrowings 
that resolved at >2 atm. Successful PTCA was defined 
as a 220% reduction in luminal diameter narrowing 
and a final narrowing <50%, without in-hospital com- 
plications of myocardial infarction, need for coronary 
artery bypass grafting or death. Coronary artery dissec- 
tion was considered to be absent if no linear or spiral 
filling defect or contrast extravasation was noted at fi- 


nal angiography. 


954 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 


After PTCA, all patients underwent standard moni- 
toring and received medical therapy, including 80 to 
325 mg/day of aspirin, 75 mg every 8 hours of dipyrid- 
amole and a calcium antagonist. The use of heparin or 
nitroglycerin after PTCA was influenced by patient 
symptoms, electrocardiographic evidence of ischemia or 
the angiographic appearance of the dilated site at the 
end of the procedure. 

From July 1986 through June 1987, follow-up of all 
patients who underwent successful PTCA was attempt- 
ed. Information was obtained regarding symptomatic 
status, repeat PTCA, coronary artery bypass grafting, 
myocardial infarction or death. 

All patients gave written informed consent for the 
PTCA procedure and all procedures were performed in 
accordance with the ethics guidelines established by 
Georgetown University Medical Center. 

Statistical analysis: Chi-square or Fisher's exact 
test, or both, were used to compare frequencies of cate- 
gorical variables. The Mann-Whitney U test was used 
to compare means. A p value <0.05 was considered 
statistically significant. 


RESULTS 

During the study period, 296 patients underwent at- 
tempted PTCA at 369 sites. Patients were excluded as 
follows: 39 with unsuccessful PTCA (unable to cross 
the narrowing in 31 and acute occlusion requiring 
emergency coronary artery bypass grafting in 8); 
47 who underwent multivessel or 1-vessel, multile- 
sion PTCA; 16 in whom PTCA was performed within 
2 weeks of myocardial infarction; 8 who underwent 
PTCA of a saphenous venous bypass graft narrowing; 7 
who underwent PTCA of a total occlusion; | who died 
3 days after PTCA; and 5 who were lost to follow-up. 
Thus, 173 patients form the basis of this report, 48 
(28%) of whom (group 1) had narrowings that resolved 
at <2 atm and 125 (72%) of whom (group 2) had 
narrowings that resolved at >2 atm. 

Baseline historical variables of the 2 groups are list- 
ed in Table I. No significant difference in any variable 
was noted. 

Anatomic and procedural variables of the 2 groups 
are listed in Table II. With the exception of a signifi- 
cantly higher incidence of angiographically demonstra- 
ble intimal dissection in group 2 (p <0.007), no signifi- 
cant differences were noted. 

Follow-up data for the 2 groups are listed in Table 
II. The duration of follow-up was similar for both 
groups. There was no significant difference in the over- 
all prevalence of angina at follow-up (25% in group | 
vs 28% in group 2). However, the incidence of Canadi- 


an Cardiovascular Association class 4 angina during 
follow-up in group | (21%) was significantly higher 
than in group 2 (8%) (p <0.04). When analyzed col- 
lectively, there was a significantly higher incidence of 
cardiac end points (repeat PTCA for restenosis, coro- 
nary artery bypass grafting or myocardial infarction) in 
group | (29%) than in group 2 (15%) (p <0.05). This 
was primarily due to a significantly higher frequency of 
repeat PTCA for restenosis in group 1 (25%) than in 
group 2 (13%) (p <0.05). 


DISCUSSION 

Our results indicate that narrowings that resolve at 
a low atmospheric pressure are associated with a higher 
incidence of unstable angina and cardiac end points 
during follow-up than narrowings that resolve at higher 
resolution pressures. 

The mechanism by which PTCA results in improve- 
ment in luminal caliber is multifactorial and includes 
local vessel wall expansion, plaque fissuring and per- 
haps a modest amount of plaque compression through 
extrusion of water. Additionally, remodeling or dis- 
lodgement of associated thrombi, when present, may 
occur. The resolution pressure of a narrowing is likely 
to be influenced by all these factors. Narrowings that 
are highly eccentric or composed primarily of thrombi 
would be expected to have low resolution pressures due 
to expansion of the normal vessel wall or the intrinsic 
compressibility of the clot, respectively. In contrast, a 
concentric narrowing would be expected to resolve at 
higher pressures, reflecting the need to fracture the 
plaque before full expansion of the balloon could occur. 

In this study, neither baseline historical, anatomic, 
naor procedural variables (with the exception of angio- 
zraphically demonstrable coronary dissection) were as- 
sociated with narrowing resolution pressure. The likely 
*xplanation for this is the known insensitivity of angiog- 
‘aphy for characterizing the morphology and composi- 
ion of a narrowing. Angioscopic? and pathologic stud- 
es! have demonstrated the complex nature of many 
larrowings, and have documented the lack of concor- 
lance with angiographic findings. Thus, it is not sur- 
rising that neither the angiographic characteristics of 
he narrowing nor historical variables correlated with 
esolution pressure. 

The occurrence of angiographically visible coronary 
lissection was significantly higher in group 2 than 
woup l. Presumably, the higher inflation pressures 
ieeded to bring about narrowing resolution result in 
nore severe plaque fracturing and secondary intimal 
lissection. This study was not designed to determine if 
he resolution pressure correlates with acute PTCA out- 


TABLE II Anatomic and Procedural Anatomic Variables 


Group 1 
(n= 48) 


Group 2 
(n= 125) 





Number of coronary arteries 
narrowed >50% in diameter 


1 (%) 37 (77) 92 (74) 
2(%) 9(19) 29 (23) 
3(%) 2 (4) 4(3) 
PTCA artery (%) 
Left anterior descending 33 (69) 80 (64) 
Right 9(19) 32 (26) 
Left circumflex 6 (12) 13 (10) 
Collateral flow (%) 18 (37) 40 (32) 
Severity before PTCA 78+10% 76 + 10% 
Severity after PTCA 23411% 20+ 10% 
Thrombus (%) 2 (4) 7 (6) 
Calcium (%) 13 (27) 28 (22) 
Eccentric (%) 14(29) 45 (36) 
Dissection* (%) 8 (17) 50 (40) 


* p <0.007. 
PTCA = percutaneous transluminal coronary angioplasty. 
TABLE Ill Follow-Up Data 


Group 1 
(n = 48) 


Duration (mos) 12.147.0 12.1458 
Angina (%) 12 (25) 35 (28) 





Group 2 
(n= 125) 


















CCA class* (%) 
1,2,3 2 (4) 28 (22) 
4 10(21) 10 (8) 
Cardiac end points' 14 (29) 19 (15) 
Repeat PTCAT 12 (25) 16 (13) 
CABG 1 (2) 2 (2) 
MI 1 (2) 1 (2) 





0 0 












* p <0.04; ' p <0.05. 
CABG = coronary artery bypass grafting; MI = myocardial infarction; other abbrevi- 
ations as in Tables | and Il. 







come. It is tempting to postulate, however, that high 
resolution pressures may predispose to severe coro- 
nary dissection and its propensity to acute coronary 
occlusion. 

We found a significantly higher incidence of unsta- 
ble angina and cardiac events during follow-up in group 
| patients. Possible explanations for this include: (1) the 
higher incidence of angiographically severe coronary 
dissection in group 2 may have conferred a degree of 
protection against restenosis!!:!?; (2) if low resolution 
pressures are the result of an expansion of the normal 
vessel wall, elastic recoil may result in a significant loss 
of luminal caliber; and (3) if angiographically inappar- 
ent thrombus is an important component of narrowings 
with low resolution pressures, the underlying milieu of 
the narrowing may predispose to reaccumulation of 
thrombus or smooth muscle proliferation. 
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Study strengths and limitation: By design, only pa- 
tients with successful single-lesion PTCA were included 
in the study to minimize confounding interpretations of 
the data should late cardiac events occur in the absence 
of angiography. The study was not designed with fol- 
low-up angiography in mind because of the difficulty in 
obtaining routine follow-up angiographic studies. As 
such, conclusions regarding the relation of resolution 
pressure to the phenomenon of restenosis cannot be 
drawn. The relatively low incidence of repeat PTCA 
overall in the study population deserves comment. First, 
the overall rate of repeat PTCA cannot be equated 
with the overall rate of restenosis. It has been shown 
that 5 to 15% of patients develop silent restenosis. !!3-!° 
Second, most reported series of restenosis include pa- 
tients undergoing multivessel or 1-vessel, multilesion 
PTCA, subgroups known to have considerably higher 
restenosis rates per patient than our study population. 

Finally, although there is likely to be a time-delay in 
the transmission of pressure from the inflation device to 
the balloon, which may result in an overestimation of 
the pressure at which narrowing resolution occurs, this 
remains the best and most clinically available estimate 
of the intraballoon pressure. 
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Progression and Regression of Minor Coronary 
Arterial Narrowings by Quantitative Angiography 
After Fenofibrate Therapy 


Harry W. Hahmann, MD, Thomas Bunte, MD, Nicola Hellwig, MD, Udo Hau, MSc, 
Dieter Becker, MD, MSc, Jan Dyckmans, MD, Hans E. Keller, DSc, 
and Hermann J. Schieffer, MD 





To study the effects of fenofibrate, a lipid-lower- 
ing medication, on patients with coronary artery 
disease, 191 minor coronary narrowings in 42 
patients with coronary artery disease were ana- 
yzed by quantitative coronary angiography us- 
ng computer-assisted contour detection. Com- 
uted parameters were percent diameter reduc- 
lion and percent plaque area. A prospectively 
formed intervention group of 21 patients treated 
with special diet and fenofibrate (200 to 400 
ng/day) was checked every 6 weeks with regard 
© risk factors. After a mean interval of 21 
nonths, coronary angiography was repeated, 
ising the same x-ray system and nearly identical 
»rojections. The intervention group was angio- 
traphically compared at follow-up with an un- 
reated comparison group, also comprising 21 
satients. Both groups had high initial serum cho- 
esterol (mean 311 mg/dl) and low-density lipo- 
protein (LDL) cholesterol levels (mean 235 mg/ 
ll). Only among the treated patients did lipid lev- 
is change significantly: cholesterol, —19%; LDL 
tholesterol, —20%; high-density lipoprotein cho- 
esterol, +19%; and triglycerides, —30%. At an- 
tiographic follow-up, the changes in percent di- 
meter reduction and percent plaque area corre- 
ated positively with the mean serum and LDL 
‘holesterol levels of the intervention group. Sig- 
lificant differences were found in the change in 
»ercent plaque area between both groups. The 
ntervention subgroup with angiographic regres- 
lions (11 patients) had significantly lower serum 
ind LDL cholesterol levels than the intervention 
ubgroup with angiographic progressions (10 
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patients). These results indicate the beneficial ef- 
fect of fenofibrate on minor coronary narrow- 
ings. Because of its high reproducibility in mea- 
suring minor narrowings, quantitative coronary 
angiography proved to be a suitable method for 
angiographic follow-up. 

(Am J Cardiol 1991;67:957-961) 


signed studies in which the effect of lipid-lower- 
ing intervention on serial angiographies of the 
coronary arteries and other vessels has been inves- 
tigated. !~® 
The present study, supplementing the mostly favor- 
able results of those investigations, attempts to docu- 
ment the benefits of lipid-lowering intervention with 
fenofibrate with the easily reproducible method of 
quantitative coronary angiography,’~? by measuring the 
parameters percent diameter reduction and percent 
plaque area and by observing the less severe, most ho- 
mogeneous stenoses possible (Figure 1). 


T= there exists a sequence of variously de- 


METHODS 

Study design: Within the framework of a prospec- 
tive interventional study, 44 patients who had under- 
gone coronary angiography and who had demonstrated 
coronary artery disease and high serum cholesterol lev- 
els were subjected to long-term lipid-lowering therapy 
with fenofibrate. In 21 patients a control angiogram 
was obtained for clinical reasons within a period of 12 
to 36 months. The coronary angiographic progress of 
the minor stenoses in particular was evaluated with the 
aid of digital image processing and automatic contour 
detection and was analyzed in relation to existing car- 
diovascular risk factors. In addition, we compared the 
angiographic progress of this intervention group with 
that of a comparison group having a similar composi- 
tion and persistently high serum cholesterol values. !° 

Intervention group: Every patient admitted to our 
clinic for coronary angiography within a limited time 
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Stenosis Model 


Diameter Function 


Diameter 


FIGURE 1. Schematic of a minor coronary stenosis, calculated 
diameter function and the measurement parameter used. D = 
normal diameter; d; = vessel diameter at position i; dm = mini- 
mal diameter; %DR = percent diameter reduction; %PA = 
percent plaque area (integral of the percent diameter reduc- 
tion over the length of the stenosis). 


period was assessed for study suitability. Criteria for 
inclusion were a total serum cholesterol level >265 mg/ 
dl or low-density lipoprotein (LDL) cholesterol >190 
mg/dl, or both; successful or unsuccessful percutaneous 
transluminal coronary angioplasty without severe com- 
plications; and 21 minor narrowing (average 43 + 
14% of percent diameter reduction) in addition to the 
dilated stenosis. Criteria for exclusion were manifest di- 
abetes mellitus, valvular defects of the heart, additional 
terminal illnesses (e.g., malignant tumors), severely 
limited function of the left ventricle (ejection fraction 
<30% ), early dilation in the subacute infarct phase (es- 
pecially after lysis therapy) and previous aortocoronary 
bypass operations. If further treatment was rejected by 
the patient, or considerable subjective or objective ad- 
verse effects appeared, or if the patient underwent coro- 
nary artery bypass surgery during the study, thereby 
fulfilling drop-out criteria, he was eliminated from the 
study. 

Between November 1985 and November 1987 we 
asked 97 patients who fulfilled the inclusion criteria to 
participate in the study. Fifty-eight patients were will- 
ing to participate: 45 appeared at our outpatient clinic 
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TABLE I Composition and Severity of Coronary Artery 
Disease in the Intervention and Comparison Groups 


Reangiographed 
Patients of the 
Intervention Group 


Comparison 
Group 


Gensini score!® 

Ejection fraction (%) 
1-vessel disease 

2-vessel disease 

3-vessel disease 

History of AMI 

History of PMI 

Heart failure stage 1* 
Heart failure stage 2* 
Angina pectoris <stage 2t 
Angina pectoris >stage 2t 
Re-PTCA® 

PTCA elsewhere? 
Bypass*+ 

Reinfarct*# 


* New York Heart Association; t Canadian Cardiovascular Society; * during obser- 
vation period; ** after observation period. 

AMI = anterior myocardial infarct; PMI = posterior myocardial infarct; PTCA = 
percutaneous transluminal coronary angioplasty. 





regularly. One patient was excluded because of bypass 
surgery. 

The time of the control angiography was deter- 
mined during the study according to clinical aspects. 
Within a period of 21 + 6 months, 21 of 44 patients 
underwent repeat angiography. There were no differ- 
ences in the clinical, angiographic and lipid parameters 
between them and patients who did not undergo repeat 
angiography; the only significant difference was in age 
(56 + 7 vs 50 + 7 years, p <0.01). Demographic and 
clinical characteristics of both groups are listed in 
Table I. 

Intervention: After entering the study, 44 patients 
were treated over a period of 3 years with 200 to 400 
mg of fenofibrate; dosage was determined according to 
current lipoprotein status and patient tolerance. All pa- 
tients received detailed nutritional counseling based on 
American Heart Association diet phase 1. During the 
first 6 weeks, only dietary treatment was given. A 
check-up every 6 weeks included, in addition to assess- 
ment of lipoprotein status, the registration of other risk 
factors as well as a physical examination and a stress 
electrocardiogram. Thus, very closely meshed informa- 
tion about the risk profile and the patients’ clinical con- 
dition during the intervention period was obtained. 

Comparison group: Some patients solicited, who 
could not participate in the study for various reasons 
(lack of willingness, long distances between the resi- 
dence and the clinic, quick transfers back to local hospi- 
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Reproducibility of 
measuring method in 
the same picture* 


Reproducibility in 
nearly identical 
projectionst 
* Standard deviations for 20 measurements in the same picture. 
t Nearly identical projections at the beginning and end of a coronary angiography 
(10 patients, 17 minor stenoses): the mean deviation of the measuring results of the 


2nd from the 1st projection. 
%DR = percent diameter reduction; %PA = percent plaque area. 


tals after coronary angiography), had fulfilled study in- 
clusion criteria after the first coronary angiography, 
and repeat coronary angiography, performed for rea- 
sons of clinical semiology, demonstrated unchanged risk 
profiles. What particularly distinguished this compari- 
son group was the lack of medicating interventional lip- 
id-lowering therapy. Angiographic progress was com- 
pared between groups. The repeat angiography interval 
for both groups was 12 to 36 months (average 20 + 7). 
We did not study a controlled, intentionally untreated 
group for ethical reasons. The comparison group com- 
prised 21 patients. 

Quantitative coronary angiography: From the rou- 
tinely recorded first angiograms, that image which best 
displayed the stenosis with regard to projection and pic- 
ture quality was chosen for each minor stenosis. As a 
rule, these were end-diastolic images. For the repeat 
angiograms, nearly identical projections were used, and 
selection of the individual images was made according 
to the same criteria. The same x-ray system was used. 
Selected photographs were projected, recorded with a 
video camera and then digitized. The digitization and 
further processing were performed with a KONTRON 
Medical Image Processing System. 

Digitized images were first improved by means of a 
contour enhancement filter, the normalization of the 
gray-level histogram and an enlargement of the picture 
section concerned (zoom function). Calculation of the 
vessel contours was performed perpendicular to the 
mean line of the vessel by means of the gray value 
function. The widest possible contour was defined by 
the maxima of the second derivation, and the narrowest 
by the maximum or minimum, respectively, of the first 
derivation. In our study, the contour was always calcu- 
lated with 60% of the difference between the widest 
and narrowest possible contours. 

The percent diameter reduction is the most fre- 
quently used and simplest measurement. We also used 
the percent plaque area, which corresponds to the 





TABLE Ill Intervention Lipid and Lipoprotein Results: Initial 
Values and Mean Percent Decreases 


Intervention Group Comparison Group 
Intervention 


Mean Interval Mean 


—3 + 7% (NS) 
—3 + 7% (NS) 
+4+4 11% (NS) 
+1 + 18% (NS) 


(mg/dl) Initial Initial 


—-19+8%* 
—20 + 14%* 
40+15 +194+44% (NS) 43415 
2714179 -30431%* 211+103 
OI aD | ae a a 


311 +61 
241 +53 


310 +36 
229 + 30 


* p <0.01. 

t Determined by a fully enzymatic test. 

CHOD-PAP = enzymatic colorimetric test, automated analysis for Hitachi 705 
(Boehringer Mannheim); Chol = cholesterol (CHOD-PAP method); HDL = high-densi- 
ty lipoprotein cholesterol (after phosphor wolfram acid precipitation); LDL = low- 


density lipoprotein cholesterol (polyvinylsulfate precipitation and CHOD-PAP); NS = 
not significant; Trig = triglycerides. 





plaque area in relation to the nominal area in the re- 
spective projection, and which is identical to the mean 
percent diameter reduction (Figure 1). These relative 
sizes do not require a second contour detection on the 
catheter as a calibration standard, which has advan- 
tages in respect to measuring accuracy.!'!:!? The repro- 
ducibility of both measurements is high even in nearly 
identical projections (Table II) and lies within the 
range of comparable studies. !3-!4 


RESULTS 

Risk factors: With dietary and medical intervention, 
statistically significant decreases in serum and LDL 
cholesterol and triglyceride levels were achieved. Table 
III lists comparisons of initial lipoprotein values and of 
mean percent changes between the intervention and 
comparison groups. Determined from the lipid and lipo- 
protein values of the individual patients of the interven- 
tion group throughout the entire intervention period 
(intervention mean), mean values were cholesterol 248 
+ 23 mg/dl, LDL cholesterol 182 + 24 mg/dl, HDL 
cholesterol 44 + 14 mg/dl, and triglycerides 154 + 45 
mg/dl, whereas the values of the comparison group re- 
mained nearly unchanged. Blood pressure values and 
smoking behavior did not change significantly within 
the framework of the intervention. 

Angiographic progress: To evaluate the angio- 
graphic progress, we used the mean change of an aver- 
age of 4.7 stenoses per patient. In the intervention 
group, standstills and slight to marked regressions and 
progressions were found, whereas the comparison group 
had almost exclusively slight to marked progressions. In 
the case of the percent plaque area, the difference be- 
tween the 2 groups (Figure 2) was statistically signifi- 
cant (p <0.05); for percent diameter reduction, this sig- 
nificance level was narrowly missed. The changes in 
both angiographic parameters correlated with the mean 
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TABLE IV Changes in Angiographic Parameters and Their 
Correlation with Lipoproteins in the Intervention Group* 


Intervention Mean 


Chol LDL 


Change 
in %DR 

Change 
in %PA 


* Triglycerides, high-density lipoprotein cholesterol and other risk factors did not 
correlate significantly with the angiographic progress. 
Abbreviations as in Tables II and III. 


serum as well as the LDL cholesterol levels achieved 
through intervention (Figure 3, Table IV), whereas no 
influence on angiographic progress could be proved for 
HDL cholesterol and triglycerides. In addition, correla- 
tions with the initial serum and LDL cholesterol values 
were established (Table IV). The intervention subgroup 
with angiographic regressions (11 patients) had signifi- 
cantly lower serum and LDL cholesterol mean values 
than did the intervention subgroup with angiographic 
progressions (10 patients) (Figure 4). 


DISCUSSION 

Intervention results: The results of the present fol- 
low-up study using quantitative coronary angiographic 
methods demonstrate the dependence of the angio- 
graphic follow-up on the serum and LDL cholesterol 
levels attained through intervention. The well-known 
effects of fenofibrate—an increase in HDL cholesterol 
levels and a significant decrease in triglyceride levels— 
could be proved, but no correlation with the angio- 
graphic follow-ups was found. By means of a substance 
of the same pharmacologic group, gemfibrozil, the inci- 
dence of myocardial infarcts was reduced in a primary 


7.5% 46.5% 1.5%9 1.5% 4.5% 7.5% 18.5% 13.5% 16.5% 


Regressions Progressions 
Change of Percent Plaque Area 


FIGURE 2. Comparison of the angiographic progress of per- 
cent plaque area between the intervention and comparison 
to pe Eaa marginale alg 
untreated comparison group, shifted significantly toward re- 
gression (p <0.05). 
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prevention study (Helsinki Heart Study)!’ by reducing 
elevated cholesterol levels. The Cholesterol Lowering 
Atherosclerosis Study? is the most important study with 
sequential angiographies in manifest coronary artery 
disease; it was able to demonstrate advantages of treat- 
ment combining niacin with colestipol in angiographic 
follow-ups. The effect of niacin on lipoprotein levels 
parallels that of fibrates. 

Selection: Because the indication for repeat coro- 
nary angiography in our study was determined by clini- 
cal symptoms, severe and frequently recurrent stenoses 
were symptomatic grounds for repeat angiography. 
However, we designed our study to evaluate only minor 
arteriosclerotic narrowings—those that did not indicate 
repeat angiography. The evaluated stenoses were there- 
fore not directly affected by the selection mechanism. 


A % DR 
% . 
Progression 


250 300 
LDL [mg 100ml ] 





FIGURE 3. Dependence of the angiographic progress (percent 
diameter reduction [%DR], mean values from an average of 
4.7 narrowings per patient) on mean low-density lipoprotein 
(LDL) cholesterol levels in the intervention period. The 
changes in the individual narrowings lay 60% outside the re- 
intervals of +5.3% (see Table Il). Dots and 
straight lines signify the intervention group (r = 0.67, p 
<0.001) and triangles the comparison group (r = 0.30, not 


[=] Regression 


Mj Progression 


Initial Intervention 
LDL-Cholesterol 


Intervention 


Cholesterol 


Initial 


FIGURE 4. Comparison of the intervention subgroups Regres- 
sion and Progression (percent diameter reduction) and their 
mean cholesterol and low-density lipoprotein (LDL) cholesterol 
values at the beginning of the study and in the intervention pe- 
riod. Similar ratios resulted in the percent plaque area. *p 
<0.05; **p <0.01. 
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Minor narrowings: An important feature of the 
present study is the evaluation of only minor narrow- 
ings (percent diameter reduction 43 + 14%). The rea- 
son why, in addition to the problem of selection, is the 
hypothesis that the scope of minor narrowings is depen- 
dent to a large degree on the lipid deposits in the ather- 
oma. We think these narrowings are the most capable 
of progressing and regressing in a real sense and, proba- 
bly as a result of their relative homogeneity, they can 
be easily compared. Moreover, the reproducibility of 
the quantitative coronary angiogram for minor narrow- 
ings appears to be considerably better than for severe 
ones. A disadvantage of measuring the entire coronary 
system is that, as a rule, not all vessel segments can be 
represented in optimal projections, which leads to an 
inestimable increase in measurement inaccuracy, be- 
cause vessel segments that are not important to the 
study may be included. 

The development of minor coronary narrowings is a 
scale for the progression of the basic disease, arterio- 
sclerosis. Our study demonstrates that lipid intervention 
with fenofibrate can favorably influence the long-term 
course of the disease. It remains to be seen if testing 
patients with larger decreases in LDL cholesterol and 
longer observational intervals will produce better re- 
sults. 
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Transtelephonic Electrocardiographic Monitoring 
of Cardiac Rehabilitation Exercise Sessions in 
Coronary Artery Disease 
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Transtelephonic monitoring of a single-lead elec- 


trocardiogram and on-demand 2-way voice com- 
munication were accomplished at 1,865 exercise 
sessions for 67 cardiac patients. Exercise ses- 
sions occurred either at the patients’ homes or at 
remote hospital sites and began an average of 
25 or 14 weeks, respectively, after hospital dis- 
missal. Monitoring centers provided experienced 
nurses to direct all exercise sessions. The trans- 
telephonic monitoring equipment was reliable 
with only one instance of system failure ob- 
served. A broad spectrum of patients with coro- 
nary artery disease, including some classified at 
higher risk, participated in the program. Patients 
exercised with a variety of equipment (cycle er- 
gometer, treadmill, arm ergometer, cross-coun- 
try ski simulator, combination arm-leg cycle er- 
gometer, rowing machine), for 30 to 50 minutes, 
1 to 3 times each week. No medical emergencies 
occurred, although 18 specific problems were 
discovered that led to further evaluation or 
change in the medical program of specific pa- 
tients. Transtelephonic monitoring of cardiac 
rehabilitation exercise sessions at home and at 
remote hospitals appears safe and is attractive 
because not all patients have access to super- 
vised exercise programs; this exercise assess- 
ment helps to maximally use highly trained car- 
diac rehabilitation personnel. 

(Am J Cardiol 1991;67:962-964) 
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edically supervised aerobic exercise training 
M has become an accepted part of comprehen- 

sive cardiac rehabilitation.! Such exercise 
training may result in a reduction in the symptoms of 
angina pectoris, exercise-related dyspnea, fatigue and 
claudication, an improvement in maximal oxygen up- 
take and physical work capacity, and a reduction in 
myocardial oxygen demand for a given exercise intensi- 
ty. A recent meta-analysis? estimated reductions in to- 
tal mortality, cardiovascular mortality and fatal rein- 
farction at 20, 22 and 25%, respectively, for patients 
involved in rehabilitation programs. However, it is esti- 
mated that only 11% of eligible patients enter rehabili- 
tation programs. ! 

Transtelephonic monitoring of the electrocardio- 
gram from the patient’s home location to a medical 
center for evaluation has been successfully used for de- 
tecting and diagnosing transient cardiac arrhythmia? 
and for rate-responsive pacemaker function assessment 
with exercise.4 The Stanford Group>® reported inves- 
tigations comparing at-home cycle ergometer exer- 
cise training with periodic transtelephonic electrocardio- 
graphic transmission during exercise and traditional 
group exercise training in 127 low-risk men with a his- 
tory of myocardial infarction. After 12 weeks, both 
groups improved exercise capacity to a similar degree 
and the exercisers at home did not develop worrisome 
complications. 

The present study describes the current routine clin- 
ical use of transtelephonic electrocardiographic moni- 
toring during cardiac rehabilitation exercise in both the 
home and the remote hospital setting. 





METHODS 

Subjects included 67 patients (16 women and 51 
men; mean age + standard deviation 62 + 10 years) 
who had documented coronary artery disease, were re- 
ferred for outpatient cardiac rehabilitation, and were 
enrolled in transtelephonic monitoring because of travel 
distance from the monitoring center, or patient prefer- 


À 
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ence. The following specific cardiac diagnoses were (a 
single subject may have multiple diagnoses): myocardi- 
al infarction (n = 41), coronary artery bypass surgery 
(n = 24), arrhythmia (n = 12), percutaneous translu- 
minal coronary angioplasty (n = 23), “ischemic” car- 
diomyopathy (n = 3), valve replacement (n = 1), angi- 
ographically documented coronary disease without 
infarction or intervention (n = 3), and dilated cardio- 
myopathy (n = 1). Other medical conditions included: 
obesity (n = 13), degenerative joint disease (n = 11), 
hypertension (n = 9), diabetes mellitus (n = 4), periph- 
eral vascular disease (n = 3), chronic obstructive pul- 
monary disease (n = 2), and end-stage renal disease (n 
= |). Patients were taking the following medications: 
calcium antagonists (n = 43), aspirin (n = 40), diuret- 
tics (n = 18), dipyridamole (n = 20), digoxin (n = 15), 
antiarrhythmics (n = 20), 8 blockers (n = 16), long- 
acting nitrates (n = 15), and angiotensin-converting en- 
zyme inhibitors (n = 7). Patient vocational status was: 
currently working (n = 33), retired (n = 32), or dis- 
abled (n = 2). 

«Treadmill graded exercise testing was performed in 
66 subjects before or during their program. Average 
exercise Capacity estimated in multiples of resting met- 
abolic rate (METs) (1 MET = 3.5 ml O)/kg/min) 
was 8 + 4 METs (range of 2 to 15). Thirty-six patients 
were Classified as high risk because of the following fac- 
tors: ischemia during graded exercise testing (n = 15), 
exercise capacity of <4 METs (n = 10), left ventricu- 
lar ejection fraction <40% (n = 6), history of sustained 
ventricular tachycardia or ventricular fibrillation (n = 
2), and history of congestive heart failure (n = 3). 

Thirty subjects exercised at home and 37 subjects 
exercised at their local hospital. Three separate moni- 
toring centers provided the transtelephonic service. The 
‘anstelephonic monitoring system (Future Care Sys- 
ems, St. Paul, Minnesota) included a 4-channel oscil- 
oscope for electrocardiographic (single lead) visualiza- 
‘ion and on-demand simultaneous 2-way verbal com- 
Munication between the patient and the monitoring 
zenter. Patients were provided with a transtelephonic 
>lectrocardiographic transmitter (battery powered, real 
ime transmission of the electrocardiogram) and head- 
et with earphones and microphone. Patients were in- 
itructed in the application of the bipolar electrocar- 
liographic lead system. The system operates over 
sommercial telephone lines and allows simultaneous 
nonitoring of up to 4 patients. The system allows all 
yatients to participate in a “conference” telephone call, 
vhich enables them to interact with other members of 
he “group” as well as the monitoring staff to facilitate 
eaching and group therapy. Patients were given target 
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heart rates by their respective physicians and exercised 
on stationary cycles or other exercise devices that were 
available. All exercise sessions were scheduled, directed 
and monitored by trained and experienced cardiac re- 
habilitation nurses with a physician available if re- 
quired. Up to 4 patients were scheduled for each exer- 
cise class. 


RESULTS 

A total of 1,865 transtelephonic electrocardiograph- 
ic-monitored exercise sessions were performed with an 
average of 27 + 14 sessions per subject. Transtele- 
phonic electrocardiographic monitoring of exercise ses- 
sions began 14 + 18 and 25 + 14 weeks after the most 
recent hospitalization, respectively, for hospital and 
home exercise. The average distance from the monitor- 
ing center to the patients’ home or remote hospital site 
was 81 miles (range | to 400). For patients who exer- 
cised at home, the modes of activity included the tread- 
mill, cycle ergometer, combination arm-leg cycle er- 
gometer and cross-country ski simulator. Exercise dura- 
tion ranged from 30 to 50 minutes for each session, 
with a frequency of 1 to 3 monitored sessions each 
week. Patients who performed their exercise at a re- 
mote hospital performed a similar duration, frequency 
and mode of activity, but also had availability of arm 
ergometry and rowing as additional exercise modes. 
Most patients attained their target heart rates during 
monitored exercise sessions. No problems with patient 
scheduling or compliance were identified. Only one in- 
stance of system failure (monitor shut itself off) due to 
an AC power line surge occurred during monitored ex- 
ercise. 

No serious medical emergencies occurred during 
monitored exercise sessions but several problems arose: 
new-onset angina pectoris (n = 6), hypertension (n = 
3), and an orthopedic problem (n = 1) were discovered 
using voice communication between patient and the 
monitoring nurse; and new arrhythmia leading to a 
change in the medical program (n = 4) and the need to 
alter the target heart rate prescription (n = 4) resulted 
from electrocardiographic monitoring. 


DISCUSSION 

Transtelephonic monitoring of outpatient cardiac re- 
habilitation exercise sessions constitutes a new approach 
to supervised exercise training. The present study ex- 
tends the Stanford Group’s** original investigation 
of transtelephonic electrocardiographic monitoring of 
home exercise sessions in patients who have had 
uncomplicated myocardial infarction. Transtelephonic 
monitoring appears safe and feasible for routine clinical 
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use and is an alternative to traditional cardiac reha- 
bilitation programs. For 1,865 monitored sessions in 
the current study, commercially available equipment 
that provides single-lead electrocardiographic monitor- 
ing and on-demand switch over to 2-way verbal com- 
munication over standard telephone lines performed 
nearly flawlessly and no medical emergencies occurred. 
A wide spectrum of cardiac patients were observed with 
the technique, including those at higher risk. Most pa- 
tients began the transtelephonic program 3 to 4 months 
after a cardiac event, and some patients entered as ear- 
ly as 2 weeks after infarction. Monitoring was accom- 
plished at distances up to 400 miles. 

Two types of program formats were included in the 
study: home-based exercise and exercise in a remote 
hospital setting. For both formats, the expertise of the 
monitoring center provided medical surveillance and di- 
rection in the progression of each patient’s exercise pro- 
gram. The use of transtelephonic monitoring of cardiac 
exercise sessions in the remote hospital setting has not 
been described previously and is attractive for several 
reasons: (1) Patient safety and confidence during exer- 
cise is enhanced by the availability of trained medical 
personnel onsite. (2) The remote facility does not need 
to purchase relatively costly electrocardiographic moni- 
toring equipment for its cardiac rehabilitation program. 
(3) Staff time at the remote hospital is minimal for the 
program to function. (4) Trained staff from the moni- 
toring center may be more fully utilized. Home-based 
exercise programs with transtelephonic monitoring are 
attractive for some additional reasons. The greatest ad- 
vantages are convenience and easy accessibility for the 
patient, which have been shown to be of prime impor- 
tance for adherence to the exercise program.’ Addition- 
al reasons are that: (1) not all patients can travel to a 
rehabilitation center; (2) not all hospitals can afford the 
space, personnel or capital for onsite exercise programs; 
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and (3) home exercise fosters more patient indepen- 
dence than does hospital-based exercise training. 

Recent guidelines for cardiac rehabilitation exercise 
programs emphasize the need to individualize the de- 
gree of medical supervision during exercise training ses- 
sions.! A period of monitored exercise training is rec- 
ommended for most cardiac patients, but prolonged 
programs of electrocardiographic monitored exercise 
are not necessary for low to moderate risk patients un- 
less they have great difficulty in self-monitoring. 
Transtelephonic programs appear well-suited for high- 
er risk patients who live in rural areas without the 
availability of supervised exercise programs. Currently, 
many higher risk cardiac patients who do not have ac- 
cess to supervised rehabilitation exercise programs el- 
ther are not encouraged to exercise or participate in 
totally unsupervised home programs. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Spectral Turbulence Analysis of the 
Signal-Averaged Electrocardiogram and 
Its Predictive Accuracy for Inducible Sustained 
Monomorphic Ventricular Tachycardia 


George J. Kelen, MD, Raphael Henkin, PhD, Ann-Marie Starr, MD, Edward B. Caref, MA, 
Dennis Bloomfield, MD, and Nabil El-Sherif, MD 


This study was designed to assess the accuracy 
of a new noninvasive frequency analysis method 
for predicting patients with inducible sustained 
monomorphic ventricular tachycardia (VT) at 
electrophysiologic study and hence the risk of 
spontaneous ventricular tachyarrhythmias. Sig- 
nal-averaged electrocardiograms from 3 orthog- 
onal bipolar surface leads were evaluated using 
a microcomputer-based frequency analysis sys- 
tem that performs analysis of conventional time- 
domain late potentials as well as incorporating a 
new technique for spectral analysis of relatively 
short, overlapping signal segments spanning the 
whole QRS complex. The spectral analysis tech- 
nique measured abnormalities anywhere in the 
entire QRS complex and did so without depen- 
dence on any arbitrarily defined frequency, dura- 
tion or amplitude cutoffs. The hallmark of ar- 
rhythmogenic abnormality was hypothesized to 
be frequent and abrupt changes in the frequency 
signature of the QRS wave front velocity as it 
propagates throughout the ventricle around 
areas of abnormal conduction, resulting in a high 
degree of spectral turbulence. One-hundred for- 
ty-two subjects were studied, including 71 total- 
ly normal control subjects (“true negatives”), 33 
with both late potentials by time-domain analysis 
and inducible sustained monomorphic VT (“true 
positives”), 28 with late potentials but no evi- 
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dence of spontaneous or inducible sustained 
monomorphic VT (“false positives”) and 10 with 
inducible sustained monomorphic VT but ab- 
sence of time-domain late potentials (‘false neg- 
atives’’). The frequency analysis technique cor- 
rectly classified 100% of the true negatives, 
97% of the true positives, 86% of the late po- 
tentials false positives and 60% of the late po- 
tentials false negatives. The total predictive ac- 
curacy of frequency analysis for all groups was 
94%, compared with 73% for time-domain late 
potential analysis. The results suggest that a 
high degree of spectral turbulence of the overall 
QRS signal during sinus rhythm may provide a 
more accurate marker for the anatomic-electro- 
physiologic substrate of reentrant tachyarrhyth- 
mias than detection of late potentials in the ter- 
minal QRS region by either time- or frequency- 
domain analysis. Spectral turbulence analysis is 
applicable to patients irrespective of the QRS du- 
ration and the presence or absence of bundle 
branch block. 

(Am J Cardiol 1991;67:965-975) 


nal QRS region of the signal-averaged electro- 

cardiogram (ECG) has been shown in numer- 
ous studies to be a clinically useful predictor of vul- 
nerability to ventricular tachyarrhythmias.'-8 Current 
techniques for time-domain late potential analysis are, 
however, imperfect. There is a lack of agreement as to 
optimal filter characteristics and the best numerical cri- 
teria of abnormality.? The numeric measurements are 
very sensitive to the specific algorithm used for deter- 
mining QRS termination.!° In the presence of intraven- 
tricular conduction defect or bundle branch block, or 
both, which many patients at potential risk have, inter- 
pretation of late potentials may be difficult.!! Most 
published studies have specifically excluded such pa- 


T he demonstration of late potentials in the termi- 
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tients. In a recent review of previous reports,!* the pre- 
dictive values of the time-domain signal-averaged ECG 
ranged between 20 to 95%, with an average of 64%. 

Several authors have reported promising results us- 
ing frequency analysis techniques for ventricular tachy- 
cardia (VT) risk assessment.'*-'© These studies used 
Fourier analysis of the terminal portion of the QRS 
complex and early ST segments, seeking to identify late 
potentials by unique frequency signatures in the form of 
additional high-frequency peaks or abnormal content of 
high frequencies. All these techniques sought to im- 
prove tachyarrhythmia risk detection by better identifi- 
cation of late potentials based on their putative frequen- 
cy characteristics. Some of these techniques have been 
criticized as unreproducible,!’~!? whereas others await 
confirmation by independent research. 

The present study describes and evaluates a new fre- 
quency-domain analysis technique that may overcome 
some of the disadvantages of both time-domain late po- 
tential analysis and previously advocated methods of 
frequency analysis, while correctly identifying the ar- 
rhythmogenic risk in subjects misclassified or not suit- 
able for analysis by earlier methods. The frequency- 
domain analysis technique investigated in the present 
study is fundamentally different from all others?! in 
that it seeks neither to detect nor to measure late poten- 
tials. Observations, measurements and calculations are 
instead performed on the QRS complex as a whole, not 
on any portion arbitrarily identified by temporal, fre- 
quency or amplitude characteristics. Furthermore, no 
assumptions are made as to whether abnormality is 
represented by “abnormally high” or “abnormally low” 
frequencies anywhere throughout the whole QRS com- 
plex. None of the abnormality criteria invoke any arbi- 
trary value for signal amplitude, duration or frequency. 
The hallmark of arrhythmogenic abnormality was pos- 
tulated to be frequent and abrupt changes in the fre- 
quency signature of the QRS wave front velocity as it 
propagates throughout the ventricle around areas of ab- 
normal conduction, resulting in a high degree of spec- 
tral turbulence. This may provide a more accurate 
marker for the anatomic-electrophysiologic substrate of 
reentrant tachyarrhythmias. A preliminary report of 
our study has been published.*? 


METHODS 

Study subjects: The study was performed retrospec- 
tively on the signal-averaged ECG of 142 subjects di- 
vided into 4 groups based on the presence or absence of 
time-domain late potentials, and the inducibility of sus- 
tained monomorphic VT at electrophysiologic study. 
Patients with bundle branch blocks and intraventricular 
conduction defects were included in the study. 
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Group A, time-domain “true negatives,” comprised 
71 subjects, healthy adult volunteers (mostly hospital 
staff) with no known history or symptoms of heart dis- 
ease, absence of time-domain late potentials and a nor- 
mal 12-lead ECG. Subjects with bundle branch block, 
including incomplete right bundle branch block or a 
QRS duration =120 ms, or both, were specifically ex- 
cluded from this group. 

Group B, time-domain “true positives,” comprised 
33 subjects, all patients with positive time-domain late 
potentials and inducible sustained monomorphic VT at 
electrophysiologic study. All had a history of myocardi- 
al infarction and documented spontaneous sustained 
monomorphic VT (24 patients: 2120 beats/min for 
>30 seconds) or nonsustained VT (9 patients: 23 
beats, <30 seconds, at 2120 beats/min). Subjects with 
a QRS duration =120 ms or with bundle branch block, 
or both, were not included in this group. 

Group C, time-domain “false positives,” comprised 
28 subjects with positive time-domain late potentials in 
2 clinical categories. Nine were “normal” volunteers 
without evidence or symptoms of heart disease, but 
with a complete or incomplete right bundle branch 
block pattern on their 12-lead ECG. The remaining 19 
were patients with ventricular tachyarrhythmias re- 
ferred for electrophysiologic study in whom sustained 
monomorphic VT could not be induced. In this group, 
12-lead ECGs revealed a complete right bundle branch 
block pattern in 3, complete left bundle branch block in 
4, and a QRS duration 2120 ms in 6 patients. 

Group D, time-domain “false negatives,” comprised 
10 patients with nonsustained or sustained VT in whom 
time-domain late potentials were absent, but who had 
inducible sustained monomorphic VT at electrophysio- 
logic study. Two patients had a left bundle branch 
block pattern on the 12-lead ECG, and 2 had a QRS 
duration 2120 ms. 

Thus, in groups C and D combined, 26 of 38 sub- 
jects had an electrocardiographic pattern of bundle 
branch block or a QRS duration 2120 ms, or both. 

Acquisition of signal-averaged electrocardiograms: 
Recordings of 3-lead orthogonal signal-averaged ECGs 
were obtained with an ART Model 1200 EPX unit 
(123 subjects) or a prototype Del Mar Avionics Model 
183 Cardiac Early Warning System (CEWS) (19 sub- 
jects), and were stored on floppy diskettes. The 183 
CEWS has been compared with the ART model 1200 
EPX and has been found to give comparable results. !° 
X-lead electrodes were placed in the fifth intercostal 
space in the anterior axillary line, Y-lead electrodes at 
the top and bottom sternal border, and Z-lead elec- 
trodes anteriorly and posteriorly at the level of the 4th 
intercostal space just to the left of the midline. Sam- 





pling frequency of the signal was 1,000 Hz for both 
acquisition devices. All recordings were obtained with 
subjects lying comfortably in the supine position. 

Time-domain analysis: Time-domain analysis was 
performed using bidirectional 4-pole Butterworth filters 
at 25 to 250 Hz and at 40 to 250 Hz, with calculation 
of the vector magnitude. The Del Mar 183 CEWS was 
used for analysis of all recordings. The number of beats 
averaged ranged between 215 and 600. The root-mean- 
square noise level of the vector magnitude was <1 uV 
in all subjects. Late potentials were deemed present if 
the root-mean-square amplitude of the terminal 40 ms 
(RMS40) of the vector magnitude was both <25 uV 
using 25-Hz high-pass filtering and <16 uV at 40-Hz 
high-pass filtering.? 

Electrophysiologic study: The programmed stimula- 
‘ion protocol consisted of <3 extrastimuli delivered at 
2 right ventricular sites during 3 ventricular pacing 
jrives. Inducible sustained monomorphic VT was de- 
‘ined as VT with uniform QRS morphology lasting 
> 30 seconds at a cycle length of 2200 ms or requiring 
‘ermination because of hemodynamic compromise. 

Frequency-domain analysis: Spectral analysis was 
yerformed on a Del Mar Avionics CEWS 183 system 
ising customized software running on a desktop com- 
juter to generate adjacently drawn frequency plots of 
elatively short, consecutive and overlapping segments 
f electrocardiographic signals spanning the entire QRS 
‘egion and ST segment from 3 bipolar signal-averaged 
iurface leads. The 3-dimensional frequency plots are 
‘eferred to as “spectrocardiograms,” because they rep- 
esent the relative contributions of differing frequen- 
ses to the electrocardiographic wave form throughout 
he cardiac cycle. Spectrocardiographic derivation was 
ichieved as follows. 

DELINEATION OF REGION OF INTEREST: The region be- 
sinning 25 ms before the onset of the QRS complex 
T1) and terminating 125 ms after the end of the QRS 
vomplex (T2) of the signal-averaged ECG was select- 
d by computer algorithm for spectrocardiogram gen- 
‘ration. 

SPECTROCARDIOGRAPHIC CALCULATION FOR EACH LEAD 
X, Y AND Z): Signal segmentation: Beginning at point 
[1, overlapping signal segments of 24 ms in duration 
i.e., 25 data points, | ms apart) were analyzed, in steps 
f 2 ms. Thus, each 24-ms analyzed segment began 2 
ns later than its predecessor. The end of the last ana- 
yzed segment coincided with point T2. If the total re- 
ion span (T2 to T1) was, for example, 375 ms, the 
lumber of segments processed would be ([T2 to T1] — 
'5)/2, or 175 segments. 

Differentiation: Each 25-point signal segment was 
lifferentiated according to the following formula?+: yft] 


= [(x[t + 1] — xft — 1))/2] + [Gt + 2] — x[t — 2])/8], 
where y(t] is the new (differentiated) value of the signal 
at time t, and x[t] is the original amplitude of the signal 
(from any lead X, Y or Z) at time t. All further calcu- 
lations were performed on the velocity (not amplitude) 
of the electrocardiographic wave front. This step of dif- 
ferentiation has critical importance for the rest of the 
analysis. First, it is the abrupt change in velocity (not 
amplitude) of the wave front signal that we hypothesize 
to correlate with an arrhythmogenic substrate. Second, 
differentiation has the convenient characteristic of shift- 
ing the frequency content of the signal upward in a 
precise mathematical way, so that Fourier analysis of 
relatively short segments of signal may have sufficient 
frequency resolution to be useful. 

Mean subtraction: The arithmetic mean of the dif- 
ferentiated signal segment was next calculated and sub- 
tracted from each (differentiated) data point to remove 
the effect of direct-current offset. 

Windowing: After differentiation and mean sub- 
traction, each 24-ms signal segment was multiplied by 
a 4-term Blackman-Harris window of equal duration. 
The choice of window was based on its excellent con- 
centration of central lobe, with very low side-lobe 
structure.74 

Fast Fourier transformation: The windowed 25- 
point signal was next moved to the beginning of a 64- 
point data array, padded with zeros for points 26 to 64, 
and a double precision 64-point fast Fourier transfor- 
mation was performed. The power spectral density at 
each frequency harmonic was calculated in standard 
fashion as the sum of the squares of the corresponding 
real and imaginary Fourier coefficients. 

Normalization: After separate calculation of power 
spectral density for each data segment for each electro- 
cardiographic lead (X, Y and Z), the maximal power 
spectral density at any frequency in any lead was arbi- 
trarily designated as representing “100%” power spec- 
tral density, and all others were scaled correspondingly. 

Spectrocardiographic plotting: CEWS software 
automatically generates 3-dimensional spectral plots of 
each lead. Because of the 3-dimensional nature of the 
spectral information, multiple views assist in identifying 
features not apparent in any single projection. Figure | 
illustrates different projections of the spectrocardio- 
gram from a normal subject in group A. The conven- 
tional time-domain plot is also shown for comparison. 
On each view, T1 to T2 indicates the time axis, with 
T1 being nearer the P wave and T2 nearer the T wave. 
Power spectral density is always plotted vertically, while 
the remaining axis represents frequency from 0 to 500 
Hz. The left-hand lower panel is an oblique view from 
the T-wave end of the QRS complex. The lower center 
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panel illustrates a horizontal view, with the QRS time 
axis running from left to right at both low and high 
magnifications. This view is the most convenient for es- 
timating the duration of “late potentials.” The right 
lower panel shows the ST segment viewed from the T 
wave and, unlike the previous 2 views, reveals complete 


spectral contours within the whole QRS region, unhid- 
den by time slices closer to the viewer. This is termed 
the “transparent” view. The last 2 views are best for 
gauging the overall level of spectral turbulence. 
Numeric calculations: The normalized power spec- 
tral densities for each 25-point signal segment, for each 
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FIGURE 1. Time-domain plots (top) and spectral plots (bottom) of the signal-averaged electrocardiogram of a normal 28-year- 
old subject. Note absence of late potentials in the time-domain plots (time-domain true negative). For time-domain plots, the sig- 
nal in the last 40 ms is highlighted, and the distance between baseline and the horizontal dashed line is 40 4V. The spectrocar- 
diogram is displayed in different views: an oblique view (bottom left panel), a horizontal view at both low and high gains (bot- 
tom middle panel), and a “transparent” view (bottom right panel). There is a low degree of spectral turbulence throughout the 
ventricular depolarization signal with a turbulence score of 0. See text for details. FFT = fast Fourier transformation; HFQRSD 
= high-frequency filtered QRS duration; LAS40 = duration of the low-amplitude signal <40 4V; PSD = power spectral density; 
RMS40 = root-mean-square voltage of the signal in the last 40 ms; T1, T2 = the region beginning 25 ms before the onset of the 
QRS complex and terminating 125 ms after the end of the QRS complex. 
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lead X, Y and Z, were stored in a separate table for 
each lead, with rows containing the Fourier power spec- 
tral densities for a single 24-ms signal segment varying 
with frequency, while columns contained the power 
spectral densities at a particular frequency varying in 
time through the electrocardiographic signal. 

The power spectral densities in each row were next 
summed to form an extra column containing the total 
power spectral density at all frequencies of each time 
slice. 

Next, the 40-ms (20 consecutive slices) region with 
lowest total power spectral density was assigned as the 
“baseline noise level” and its mean + standard devi- 
ation calculated. 

The beginning and end of the QRS complex were 
designated as the time slices having a total power spec- 
tral density >25 standard deviations above mean base- 
line noise, sustained for =2 slices. 

The hypothesis tested was that the hallmark of nor- 
mality was a generally smooth transition between fre- 
quency contours from | time slice to the next. Con- 
versely, the plots of abnormal subjects revealed a high 
degree of spectral turbulence, with relatively frequent 
and abrupt dissimilarities among the spectral contours 
of nearby slices. These regions of “lumpiness” appeared 
to be present not only in the late potentials region of 
abnormal subjects (in those who had late potentials) 
but, significantly, seemed scattered throughout much of 
the QRS complex proper. Calculations were based on 
correlations of power spectral density values among 
time slices. Four parameters of spectral turbulence 
were chosen to encompass different variants of abnor- 
mality observed visually on the spectrocardiographic 
plots. In some abnormal subjects, spectral turbulence 
was very intense but of relatively short duration, where- 
as in others it was less marked but more prolonged. The 
4 parameters of spectral turbulence analyzed were: (1) 
Interslice correlation mean: This is the average degree 
to which adjacent time slices agree with respect to their 
frequency make-up. It is calculated as the mean Pear- 
son correlation coefficient of each time slice with its 
neighbor, i.e., the average correlation between | row of 
the power spectral density table with the row immedi- 
ately below it, multiplied by 100. (2) Interslice correla- 
tion standard deviation: The standard deviation of the 
correlation of each slice with its neighbor, multiplied by 
100, represents the lack of homogeneity in correlation 
around an average value. (3) Low-slice correlation ra- 
tio: The percentage of adjacent slice pairs with a corre- 
lation coefficient <0.985. (4) Spectral entropy: This is 
the average discordance (i.e., | — correlation coeffi- 
cient) of each slice with an imaginary “average slice,” 


multiplied by 100. The average slice to which each real 
slice is correlated is the arithmetic mean of the power 
spectral densities at each frequency over the whole 
QRS region. 

Averaging of numerical results from each lead: Af- 
ter separate computation of each parameter for each 
lead (X, Y and Z), the average of the 3 leads was 
computed for each correlation parameter. 

Statistical analysis: Using software written express- 
ly for the purpose, we analyzed normal (groups A and 
C) and inducible sustained monomorphic VT (groups 
B and D) subject groups and established the criterion 
of abnormality for each correlation parameter that 
yielded the best total predictive accuracy. This was ac- 
complished by examining the range of mean values of 
the normal and the inducible sustained monomorphic 
VT subject groups in small, iterative steps until the best 
total predictive accuracy was achieved. Using these op- 
timized normality criteria, we scored each subject in 
each study group for “spectral abnormality,” with a 
score of 1 awarded for each abnormal correlation pa- 
rameter. The lowest possible score was zero (most nor- 
mal) and the highest 4 (most abnormal). Predictive val- 
ues, sensitivity and specificity statistics were computed 
for each subject group. Statistics were calculated sepa- 
rately for time-domain late potential analysis, for each 
correlation parameter, and for the “Spectral Abnor- 
mality Score.” 


RESULTS 

Qualitative: In subjects with time-domain late po- 
tentials (Figures 2 and 3), regions of low power (<1% 
peak power spectral density) were clearly visible on the 
spectral plots extending beyond the end of the higher 
power main QRS region, their duration corresponding 
approximately to the low-amplitude signal <40 uV 
(LAS40) of time-domain analysis. When associated 
with inducible sustained monomorphic VT, as in Figure 
2, the spectral contours of nearby time slices varied 
markedly in shape (i.e., correlated poorly with each 
other). By contrast, when the late potentials were a re- 
sult of right bundle branch block, as in Figure 3, the 
transition from one time slice to the next was smoother. 
Furthermore, late potentials seemed to contain general- 
ly lower frequencies than the rest of the QRS complex. 

In subjects with inducible sustained monomorphic 
VT (Figure 2, with late potentials; Figure 4, without 
late potentials), there was an increased degree of spec- 
tral turbulence over much of the QRS region as a 
whole. This corresponded visually to the degree of ap- 
parent disorganization in the transparent spectrocardio- 
graphic plots. 
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Quantitative: Table I summarizes the optimal sensi- 
tivity, specificity and total predictive accuracy of indi- 
vidual spectral turbulence parameters based on com- 
parison between normal (groups A and C) and induci- 
ble VT (groups B and D) subjects. Calculations were 
obtained separately for each of the X, Y and Z leads 
and their average. The parameters with the highest to- 
tal predictive accuracies were the interslice correlation 
mean and the low-slice correlation ratio for the average 


of the 3 leads, and the interslice correlation mean of the 
X lead alone. Because, for each turbulence parameter, 
the total predictive accuracy of the 3 leads was superi- 
or to that of any single lead, the values for the average 
of the 3 leads were used for the rest of the statistical 
analysis. 

Table II summarizes the results of spectral analysis 
by parameters and subject groups. For classification 
purposes, spectral abnormality scores of <2 have been 


TIME DOMAIN LATE POTENTIAL ANALYSIS 





FILTER: 25 - 250 Hz 
HFQRSD (msec.) 182.0 
RMS40 (uV) 2.2 
LAS40 (msec.) 122.0 








FILTER: 
HFQRSD (msec.) 
RMS40 (uV) 
LAS40 (msec.) 


ip 


Vi 
wW ov) oo mA 8 


SPECTROCARDIOGRAM 





TI T2 
tA T 
E EIE ET PERT S 
Aa e: 
— WN ora 
\ 
| 


——————7~ nen 





LEAD X 





T2 Time (msec.) 
lo 250 500 
| Frequency (Hz) 


E TAR 
129 193 258 


Time (msec.) 





SPECTROCARDIOGRAM GENERATION PARAMETERS 
TIME SLICE DURATION 24.0 MSEC. 
TIME SLICE STEP INTERVAL 2.0 MSEC 
SIGNAL PRE-PROCESSING VELOCITY 
DC OFFSET SUBTRACTION PRE-WINDOW 
FFT POINTS 64 


WINDOW BLACKMAN-HARRIS 


ce - — = 
- —— . ~ r 
= a = 


Ss _ 





T2 
Frequency (Hz) 


FIGURE 2. Time-domain plots (top) and spectral plots (bottom) of the signal-averaged electrocardiogram [SAECG] from a 63- 
year-old man with prior myocardial infarction and recurrent sustained monomorphic ventricular tachycardia inducible by pro- 
grammed stimulation (time-domain true positive). Time-domain plots reveal long, low-amplitude late potentials. Spectrocardio- 
gram reveals a high degree of spectral turbulence throughout most of the ventricular depolarization signal, with a turbulence 
score of 4. Arrows, segments in the spectral plots that correspond in time to the region where late potentials are evident in the 
time-domain SAECG. See text for details. For time-domain plots, the signal in the last 40 ms is highlighted; the distance be- 
tween baseline and the horizontal dashed line is 40 „V. Abbreviations as in Figure 1. 
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designated as normal, whereas scores of 3 or 4 were 
considered abnormal. All (100%) group A subjects and 
86% of group C had a normal score of <2, whereas 
97% of group B and 60% of group D had an abnormal 
score of 3 or 4. When we combined the results of 
groups C and D, spectral analysis correctly classified 30 
of the 38 patients (79%) incorrectly classified by time- 
domain late potential analysis. Of the 26 subjects in 
groups C and D who had an electrocardiographic pat- 
tern of bundle branch block or a QRS duration =>120 





ms, or both, 20 (77%) were correctly classified by spec- 
tral turbulence analysis. 

Table III compares the overall predictive character- 
istics of spectral versus time-domain analysis and lists 
the significantly higher predictive accuracy of spectral 
estimation. 


DISCUSSION 
The present study tested the hypothesis that abrupt 
changes in wave front velocity as the ventricular activa- 
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FIGURE 3. Time-domain plots (top) and spectral plots (bottom) of the signal-averaged electrocardiograms of a 36-year-old nor- 

mal subject who had an incomplete right bundle branch block pattern in the 12-lead electrocardiogram. Time-domain plots re- 

veal late potentials (time-domain false positive). Arrows, position of late potentials in the spectrocardiogram. There is a low de- 
entricular 


gree of spectral turbulence throughout the v 


depolarization signal, with a turbulence score of 0, as in normal subjects 


without bundle branch block. See text for details. For time-domain plots, the signal in the last 40 ms is highlighted, and the dis- 
tance between baseline and the horizontal dashed line is 40 4V. Abbreviations as in Figure 1. 
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tion wave front traverses regions with abnormal con- 
duction characteristics could be quantified by spectral 
analysis of the body surface QRS complex and that 
these changes could represent a more accurate marker 
for the anatomic-electrophysiologic substrate of reen- 
trant ventricular tachyarrhythmias. Our results show 
that the spectral analysis technique is superior to con- 
ventional time-domain analysis of late potentials. Un- 
like conventional time-domain analysis of the signal-av- 


eraged ECG, in which the signals from 3 orthogonal 
leads are usually summed so as to include contributions 
of signals in all vectorial directions, the spectral abnor- 
malities analyzed by the present technique may actual- 
ly be masked by vector summation. This is consistent 
with the hypothesis that abnormal spectral turbulence 
results from changes in depolarization wave front veloc- 
ity. The term “velocity” as used here is a vector with 
both amplitude and direction in 3 dimensions, whereas 
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FIGURE 4. Time-domain plots (top) and spectral plots (bottom) of the signal-averaged electrocardiogram of a 75-year-old man 
with prior myocardial infarction, spontaneous nonsustained and inducible sustained monomorphic ventricular tachycardia. Time- 
domain plots do not reveal late potentials (time-domain false negative). Spectrocardiogram reveals a high degree of spectral tur- 


bulence throughout most of the ventricular 


depolarization signal, with a turbulence score of 4. See text for details. For time-do- 


main plots, the signal in the last 40 ms is highlighted, and the distance between baseline and the horizontal dashed line is 40 


uV. Abbreviations as in Figure 1. 
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TABLE I Statistical Analysis of Individual Spectral Turbulence Parameters—Normal Groups Versus Ventricular Tachycardia 


Inducible Groups 


eel Turbulence Parameter P-Mean P-SD N-Mean 


Interslice correlation mean 
Interslice correlation SD 
Low-slice correlation ratio 
Spectral entropy 


Interslice correlation mean 
Interslice correlation SD 
Low-slice correlation ratio 
Spectral entropy 


Interslice correlation mean 
Interslice correlation SD 
Low-slice correlation ratio 
Spectral entropy 


Interslice correlation mean 
Interslice correlation SD 
Low-slice correlation ratio 
Spectral entropy 


N-SD p Value 


>114 
>83 
>16 


Crit. = criterion of abnormality; N-Mean = mean of normal groups; N-SD = standard deviation of normal groups; p = significance statistic (Student's test); P-Mean = mean of in- 
ducible groups; P-SD = standard deviation of inducible groups; Sens. = sensitivity; Spec. = specificity; TPA = total predictive accuracy. 


Subject Group 


A 
Criteria (%) 


32 (97) 
31(94) 
32(97) 
32(97) 


Abnormal interslice correlation mean 3(4) 
Abnormal interslice correlation SD 10(14) 
Abnormal low-slice correlation ratio 1(1) 
Abnormal spectral entropy 3(4) 
Total spectral abnormality score 
58(82) 0 
9(13) 0 
4(6) 1(3) 
0 6(18) 
0 26(79) 
Total spectral abnormality score 
3or4 0 32(97) 
<3 hice ne 
Total no. of neti 


the “vector sum” is a scalar quantity expressing magni- 
tude but with no directional component. Changes in di- 
rection of QRS wave front propagation without a 
change in speed could therefore be concealed by com- 
bining the 3 orthogonal leads into a single quantity. 
Electrophysiologic limitations of late potential anal- 
ysis: The present technique, based on analysis of spec- 
tral turbulence throughout the entire ventricular depo- 
larization signal, represents a significant departure from 
the concept of late potentials introduced by time do- 
main-analysis of the signal-averaged ECG. Late poten- 





39(91) 
38(88) 
38(88) 
39(91) 


7(70) 
7(70) 
6(60) 
7(70) 


3(30) 3(7) 
0 0 
1(10) 2(5) 


7(16) 
31(72) 


1(10) 
5(50) 


38(88) 
Be 12) 


6(60) 
Berr. 


TABLE Ili Comparison of Predictive Accuracy for Ventricular 
Tachycardia Inducibility of Spectral Analysis and Time-Domain 
Late Potential Analysis* 


Spectral 
Predictive Analysis 
Statistic (%) 





Total predictive accuracy 


Positive predictive accuracy 90 54 
Negative predictive accuracy 95 88 
Sensitivity a ‘h 
Specificity 


* All subject groups combined. 


THE AMERICAN JOURNAL OF CARDIOLOGY MAY 1. 1991 973 





Tw TD LR La TL a NS 





YR ey 





tials are thought to correspond to delayed and frag- 
mented signals that may represent the electrical activity 
of disorganized but sometimes electrophysiologically 
normal surviving myocardial fibers from areas with ex- 
tensive fibrosis.25.26 [t is assumed that myocardial zones 
generating late potentials during sinus rhythm could 
provide the anatomic-electrophysiologic substrate of re- 
entrant tachyarrhythmias. However, reentrant excita- 
tion has not been shown to occur in areas of extensive 
fibrosis with isolated uncoupled myocardial bundles in 
which very slow and possibly discontinuous conduction 
could be demonstrated.2* Several studies from this lab- 
oratory tend to challenge these assumptions.*’7° In a 
study in the canine postinfarction heart,’ late poten- 
tials in the time-domain signal-averaged ECG were 
shown to correspond temporally with the region of lat- 
est epicardial activation during a relatively slow basic 
cardiac rhythm. However, subsequent signal averaging 
during a reentrant rhythm revealed that sites of late 
potentials during the basic rhythm were not always re- 
sponsible for late potentials detected during reentrant 
activation. Thus, late potentials during sinus rhythm 
may represent only indirect markers for the propensity 
to develop reentrant tachyarrhythmias. 

Another limitation of late potential analysis is that 
these potentials may sometimes represent the visible tip 
of an iceberg of myocardial regions with abnormal acti- 
vation, while a significant component of the electrical 
activity from such regions is buried partially or totally 
within the QRS complex proper. Partial obscuring of 
late potentials may occur if the abnormal myocardial 
region begins to be activated relatively early during the 
QRS complex, for example, in anterior as compared 
with inferior wall myocardial infarction.2? During bun- 
dle branch block, myocardial zones with abnormal acti- 
vation may be totally obscured by the delayed activa- 
tion of normal myocardial regions. On the other hand, 
time-domain analysis may reveal “late potentials” in 
otherwise normal hearts as a result of applying a high- 
pass filter to a terminal QRS region of lower than nor- 
mal amplitude or slope, or both. 

Advantages of spectral analysis: The present study 
strongly suggests that a high degree of spectral turbu- 
lence of the ventricular activation wave front during si- 
nus rhythm reflects the presence of myocardial regions 
with abnormal conduction characteristics that may pro- 
vide the anatomic-electrophysiologic substrate of reen- 
trant tachyarrhythmias. The activation of these myo- 
cardial regions may occur totally within the QRS com- 
plex or may extend beyond the activation of the rest of 
the ventricular mass. The spectral turbulence generated 
by the activation wave front traversing these regions is 
not expected to be obscured by the delayed, possibly 
slower, but still largely synchronous and uniform acti- 
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vation wave front in the presence of bundle branch 
block. Conversely, the delayed but largely synchronous 
activation pattern of bundle branch block in normal 
hearts will not be reflected as a high degree of spectral 
turbulence. The technique thus could be applied to all 
patients irrespective of QRS duration and the presence 
or absence of bundle branch block. 

Study limitations: The concept that myocardial re- 
gions with abnormal conduction characteristics could 
result in a quantifiable degree of spectral turbulence, 
the nature and extent of these conduction abnormalities 
both anatomically and electrophysiologically, and their 
relation to spontaneous or inducible reentrant tachyar- 
rhythmias, or both, needs to be elucidated by future 
basic and clinical studies. The present techniques for 
quantifying and scoring spectral turbulence requires 
prospective testing in a large series of patients. Selection 
of the inducibility of sustained monomorphic VT at 
electrophysiologic study as the standard against which 
the spectral technique was evaluated is supported on 
electrophysiologic grounds.°3! However, the relation 
between a fixed anatomic-electrophysiologic substrate 
of reentry and spontaneous tachyarrhythmias is more 
complex, and other noninvasive techniques that can 
detect additional factors capable of triggering and 
modulating the arrhythmogenic potential need to be 
developed. 
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Mortality in Patients Treated with Flecainide and 
Encainide for Supraventricular Arrhythmias 


Edward L.C. Pritchett, MD, and William E. Wilkinson, PhD 


In a recent clinical trial, the class Ic antiarrhyth- 


mic drugs encainide and flecainide were found to 
be associated with an increased mortality risk in 
patients with new myocardial infarction and ven- 
tricular arrhythmias. The purpose of this study 
was to assess whether an increased mortality 
risk also accompanied the use of these drugs to 
treat patients with supraventricular arrhythmias. 

Data were obtained from the respective phar- 
maceutical sponsors on the mortality observed 
with each drug in United States and foreign pro- 
tocols enrolling patients with supraventricular 
arrhythmias. Mortality in the encainide popula- 
tion (343 patients) and the flecainide population 
(236 patients) was compared with that in a re- 
search arrhythmia clinic, the Duke population 
(154 patients). Nine deaths occurred in the com- 
bined encainide-flecainide population and 10 
deaths occurred in the Duke population; the fol- 
low-up periods averaged 488 days and 1,285 
days, respectively. The 6-year survival functions 
of these 2 populations, estimated by the Kaplan- 
Meier technique, did not differ significantly (p = 
0.62). The hazard ratio for the combined encai- 
nide-flecainide population relative to the Duke 
population was estimated to be 0.6 with a 95% 
confidence interval of 0.2, 1.7. These descriptive 
comparisons did not demonstrate any excess 
mortality when flecainide and encainide were 
used in patients with supraventricular arrhyth- 
mias. 

(Am J Cardiol 1991;67:976-980) 
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mic drugs that were developed initially for treat- 

ment of ventricular arrhythmias. Before market- 
ing approval by the Food and Drug Administration, 
both drugs were found to be effective for the manage- 
ment of patients with ventricular arrhythmias including 
premature ventricular beats and nonsustained and sus- 
tained ventricular tachycardias; both compounds were 
labeled at the time of marketing (flecainide in 1985 
and encainide in 1986) by the Food and Drug Admin- 
istration for all these indications. In 1989 the Cardiac 
Arrhythmia Suppression Trial showed that there were 
some patient populations in which these drugs might 
paradoxically increase the risk of arrhythmic death; in 
patients with a recent myocardial infarction and pre- 
mature ventricular beats, treatment with flecainide or 
encainide was associated with a 2.5-fold increase in 
mortality compared with placebo treatment.! 

At the time that the results of the Cardiac Arrhyth- 
mia Suppression Trial were released, both flecainide 
and encainide were under development for supraven- 
tricular arrhythmias; and both drugs probably were be- 
ing used widely in clinical practice to treat supraven- 
tricular arrhythmias. Because of concern about the 
safety of these compounds in these other patient popu- 
lations, this report examines the mortality observed 
with flecainide and encainide during development by 
their respective sponsors for supraventricular arrhyth- 
mias. A description of mortality in other relevant popu- 
lations is provided for comparison. 


Pees and encainide are class Ic antiarrhyth- 


METHODS 

Study populations: We obtained from Bristol-Myers 
Company and from the 3M Pharmaceuticals sections 
of their data bases for patients with any supraventricu- 
lar arrhythmias who were treated with encainide and 
flecainide, respectively. We specifically requested from 
each sponsor the following information about each pa- 
tient: the length of follow-up on drug treatment, age, 
race, sex, and whether the patient had any heart dis- 
ease in addition to his arrhythmia. The information was 
provided to us by the sponsor in a computer file; we did 
not have access to original case report forms. The data 
file that we obtained did not specify the precise electro- 


x 


cardiographic diagnosis of the patient’s supraventricular 
arrhythmia, the nature of any associated heart disease, 
whether other medications were used, nor why patients 
discontinued follow-up. To make the study populations 
as comparable as possible, we selected from the avail- 
able data bases patients who were aged >18 years, who 
were ambulatory, and who received orally administered 
antiarrhythmic therapy. 

We obtained from Bristol-Myers Company a data 
base of 415 patients with supraventricular arrhythmias 
who were treated with encainide in the United States 
and foreign protocols between February 1977 and June 
1989. We excluded 23 patients who received only intra- 
venous encainide therapy and 49 other patients who 
were <18 years. The encainide population, therefore, 
consisted of 343 patients. We obtained from 3M Phar- 
maceuticals a data base of 238 patients treated in su- 
praventricular tachycardia protocols between Novem- 
ber 1979 and October 1988; we excluded 2 patients 
who were <18 years. The flecainide population, there- 
fore, consisted of 236 patients. None of the patients 
excluded from the encainide and flecainide populations 
died during the follow-up period. 

We also examined our own data base of 165 ambu- 
latory outpatients with either paroxysmal supraventric- 
ular tachycardia or paroxysmal atrial fibrillation who 
were referred to the Clinical Research Unit Arrhyth- 
mia Clinic between February 1980 and December 
1988.7 We excluded 4 patients because they were <18 
years and 7 patients because they were included in the 
flecainide population. The Duke population, therefore, 
consisted of 154 patients. For purposes of the present 
mortality analyses, follow-up for each patient started on 
the day he began follow-up in our research clinic and 
ended on December 31, 1988. During this period, anti- 
arrhythmic therapy was prescribed at the discretion of 
the attending physician and included type Ia anti- 
arrhythmic drugs, propafenone, amiodarone, calcium 
channel blockers, 8 blockers and digoxin; most patients 
were treated with >1 of these drugs. 

Data analysis: For the primary analyses, we com- 
bined the flecainide and encainide populations into a 
single population (called the combined encainide-flecai- 
nide population) as was done in the Cardiac Arrhyth- 
mia Suppression Trial.! The survival functions of this 
combined population and the Duke population were es- 
timated using the well-known product-limit method de- 
veloped by Kaplan and Meier? and compared using a 
log-rank test and a proportional hazards model.4 

Because of the small number of deaths observed in 
these study populations, the precision associated with 
estimated survival functions and the power associated 
with tests comparing survival functions are major con- 
siderations. Both of these concerns can be partially ad- 





dressed by the use of confidence intervals. However, if 
survival functions are estimated using the Kaplan- 
Meier method, the standard techniques used in con- 
structing confidence intervals for survival probabilities 
are based on large-sample (asymptotic) theory. 

An alternative to the nonparametric estimation of 
survival functions is to assume a specific parametric 
model for the risk of death during the course of the 
study. In particular, if the hazard function (instanta- 
neous failure rate) is assumed to be constant for the 
duration of the study, the failure-time distribution is 
exponential. In this case, survival functions can be esti- 
mated, 2 survival functions can be compared and confi- 
dence intervals can be constructed using “exact” meth- 
ods which do not depend on large-sample theory.56 
Since death rates increase with age, the assumption of a 
constant hazard function is not appropriate over an ex- 
tended period of time. However, if the observation peri- 
od of interest is sufficiently short that aging effects can 
be ignored, then the exponential distribution may pro- 
vide a reasonable approximation to the failure-time dis- 
tribution for a mortality study. The adequacy of the 
exponential model was partially checked by fitting the 
Duke and combined encainide-flecainide data to a 
Weibull model* in which the 2 failure-time distribu- 
tions were assumed to have a common shape parame- 
ter; this parameter was not significantly different from 
unity, the value of the shape parameter for which the 
Weibull model reduces to an exponential model. 

For the study populations reported here, nonpara- 
metric analyses using the Kaplan-Meier technique, the 
log-rank test and the proportional hazards model were 
supplemented by parametric analyses using procedures 
derived from the exponential model. The latter proce- 
dures were used primarily to construct confidence inter- 
vals for specific survival probabilities and hazard ratios. 

To provide a frame of reference for the survival 
function of each of these patient populations, the ex- 
pected survival of each group was calculated based on 
the age-race-sex-specific mortality rates in the United 
States in 1980.7 

Finally, the mortality experience of the study popu- 
lations was compared with the mortality observed in 
the Cardiac Arrhythmia Suppression Trial.! In that re- 
port, the survival experience of patients treated with en- 
cainide or flecainide was compared with patients given 
placebo. In particular, the relative risk of death from 
any cause for patients receiving encainide or flecainide 
was estimated by forming the ratio of the 2 gross mor- 
tality rates (number of deaths divided by the number of 
patients), as if the observation time for each surviving 
patient had been the same. 

In a proportional hazards model for the comparison 
of 2 groups, relative risk can be defined as the hazard 
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TABLE I Demographic Characteristics of the Study 
Populations 


Flecainide 
(n= 236) 


Encainide 
(n = 343) 


(%) No. (%) 


(91) 
(9) 


(52) 
(48) 

Heart disease* 
Present (58) 
Absent (42) 
Mean age + SD 45.6 + 16.3 52.5 + 14.6 
Follow-up (days) 1,285 877 311 325 

* In the encainide data base, race was not recorded for 116 patients, sex for 43 


and heart disease for 28. 
SD = standard deviation. 


ratio, the constant ratio of the 2 instantaneous failure 
rates. If the 2 failure-time distributions are exponential, 
the hazard ratio is simply the ratio of the parameters of 
these 2 distributions. Our estimates of relative risk 
based on the exponential model are estimates of this 
hazard ratio. 


RESULTS 

Among the 236 patients in the flecainide population, 
only 1 death was observed in the follow-up period that 
averaged 311 days (Table I); among the 343 patients in 
the encainide population, 8 deaths were observed and 
the average length of follow-up was 609 days (Table I). 
Thus, for the combined encainide-flecainide population, 
9 deaths were observed among 579 patients with a 
mean follow-up interval of 488 days. Figure 1 shows 


Survival (percent) 


o 1 
Years After Study Entry 


154 134 106 78 53 37 29 
Encainide/ 579 281 135 81 45 21 11 


Duke 


Fecainide Number at Risk 





FIGURE 1. Estimated survival in the combined encainide-fle- 

cainide population (upper, solid line) and in the Duke popula- 
tion (lower, dashed line). The 2 survival functions are not sig- 
nificantly different (p = 0.62). 
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the observed 6-year survival of this combined encai- 
nide-flecainide population calculated by the Kaplan- 
Meier life table method. 

Among the 154 patients in the Duke population, 10 
deaths were observed in the follow-up period that aver- 
aged 1,285 days (Table I). None of the deaths in the 
Duke population occurred in a patient who was taking 
flecainide, encainide, or any class Ic antiarrhythmic 
drug. Figure | shows the observed 6-year survival of 
this population. The comparison of the 2 survival func- 
tions in Figure | using the log-rank test did not reveal a 
statistically significant difference between them (p = 
0.62). The proportional hazards model was used to 
make the same comparison while controlling for the ef- 
fects of age and concomitant heart disease; not surpris- 
ingly, because of the distribution of these covariates in 
the study populations, the difference between the 2 
groups remained insignificant. For additional compari- 
son, the observed 6-year survival in the Duke popula- 
tion is shown along with the survival expected on the 
basis of age-race-sex-specific mortality rates in the U.S. 
population in Figure 2. 

Using the exponential failure-time model, the esti- 
mated hazard ratio for the combined encainide-flecai- 
nide population relative to the Duke population is 0.6; a 
95% confidence interval for this hazard ratio is (0.2, 
1.7). In contrast, the model-based estimate of the haz- 
ard ratio associated with encainide or flecainide relative 
to placebo in the Cardiac Arrhythmia Suppression Tri- 
al is 2.6 with a 95% confidence interval of (1.6, 4.3). 
(The reported relative risk for death from any cause 
was 2.5 with a 95% confidence interval of [1.6, 4.5].) 


Duke Expected 


Duke Observed 
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O 
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©% 
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Years After Study Entry 


154 134 106 78 53 37 
Number at Risk 


FIGURE 2. Six-year survival observed in the Duke population 


(lower, step function) compared with the survival expected on 


the basis of age-race-sex-specific rates in the U.S. population 


(upper, smooth curve). 





The model-based approach assuming an exponential 
failure-time distribution was also used to estimate sur- 
vival probabilities and confidence intervals at 1-year of 
follow-up for each of the populations (Figure 3). The 
point estimate of 1-year mortality was 1.8% with 95% 
confidence interval (0.9, 3.3) for the Duke population, 
0.5% with 95% confidence interval (0.0, 2.7) for the 
flecainide population, 1.4% with 95% confidence inter- 
val (0.6, 2.7) for the encainide population, and 1.2% 
with 95% confidence interval (0.5, 2.2) for the com- 
bined encainide-flecainide population. For comparison, 
the point estimate of 1-year mortality in the Cardiac 
Arrhythmia Suppression Trial was 9.1% with 95% con- 
fidence interval (7.0, 11.7) for the patients treated with 
flecainide or encainide, and 3.6% with 95% confidence 
interval (2.3, 5.4) for the group treated with placebo. 

The expected 1-year mortality (Figure 3) was 1.0% 
for the Duke population, 1.3% for the flecainide popu- 
lation, 0.9% for the encainide population, and 1.1% for 
the combined encainide-flecainide population. 


DISCUSSION 

This report provides some new insights into the po- 
tential risks of using the class Ic antiarrhythmic drugs 
encainide and flecainide in patients with cardiac ar- 
rhythmias. The Cardiac Arrhythmia Suppression Trial 
demonstrated that there was a 2.5-fold increased total 
mortality associated with use of these drugs compared 
with placebo in patients with a recent myocardial in- 
farction; but that trial did not provide any information 
about the risk of using these drugs in other groups of 
patients such as those with supraventricular arrhyth- 
mias. The mortality observed in the various patient 
populations in this report provides some reassurance 
that an excess mortality risk may not apply to the pop- 
ulation of patients with supraventricular arrhythmias. 
For purposes of comparing our observations with the 
Cardiac Arrhythmia Suppression Trial, our combined 
encainide-flecainide population is the most pertinent 
population (although the comments apply equally well 
to the individual drugs considered alone). 

When we compared the group treated with encai- 
nide or flecainide from the Cardiac Arrhythmia Sup- 
pression Trial with the combined encainide-flecainide 
population developed for this study, we found there was 
a substantial difference in the estimated absolute 1-year 
mortality: 9.2% in the Cardiac Arrhythmia Suppres- 
sion Trial compared with 1.2% in the combined encai- 
nide-flecainide population of patients with supraventric- 
ular arrhythmias. In addition to examining absolute 
mortality, our analysis also allowed us to address 
whether the increased relative risk observed in the Car- 





diac Arrhythmia Suppression Trial with flecainide or 
encainide treatment was apparent in the supraventricu- 
lar arrhythmia populations that we developed. In the 
Cardiac Arrhythmia Suppression Trial the relative risk 
was reported as 2.5 for drug treatment compared with 
placebo treatment.! The hazard ratio for the combined 
encainide-flecainide population compared with the 
Duke population in our current study is 0.6, so that the 
estimated mortality risk in the combined encainide-fle- 
cainide population is lower than the risk in the Duke 
population. 

The 1-year mortality estimates from the exponential 
model convey a similar impression (Figure 3). The 
point estimate of l-year mortality was 1.2% in the 
combined encainide-flecainide population and 1.8% in 
the Duke population. The upper limits of the 95% con- 
fidence intervals for these 1-year mortality rates are of 
particular interest: 2.2% for the combined encainide- 
flecainide population and 3.3% for the Duke popula- 
tion. The upper limit of the 95% confidence interval is 
important because it means that, under the assump- 
tions of the model, 1-year mortality in the population 
under study is unlikely to be higher than this rate. The 
estimates of 1-year mortality based on the U.S. popula- 
tion provide additional reassuring comparisons; patients 
in the combined encainide-flecainide population did not 
appear to have a mortality risk that was substantially 
different from that expected on the basis of age-race- 
sex-specific mortality rates in the U.S. population. 

The obvious major limitation of this analysis is the 
way in which our study populations were developed; 
none of our comparisons involved randomized, blinded 
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FIGURE 3. Point estimates and 95% confidence intervals 
(C.1.) for 1-year mortality, based on the exponential failure- 
time model, in the study populations and in 2 subgroups (en- 
cainide (Enc.)/flecainide (Flec.) and placebo (Plac.) of the Car- 
diac Arrhythmia Suppression Trial (C.A.S.T.); the expected 
mortality is derived from age-race-sex-specific mortality rates 
in the U.S. population. 
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treatment groups as were used in the Cardiac Arrhyth- 
mia Suppression Trial. However, it seems unlikely that 
a placebo-controlled mortality study will ever be per- 
formed in patients with supraventricular arrhythmias 
for a few reasons. First, patients with supraventricular 
arrhythmias receive drug treatment to prevent parox- 
ysms of symptomatic tachycardia; they are unlikely to 
accept a placebo treatment period that is longer than a 
few months if they are having frequent attacks of 
tachycardia. Second, if the estimates of mortality rates 
developed in our study are accurate, then a placebo- 
controlled mortality study would require many thou- 
sands of patients to have adequate power to detect even 
a large excess mortality effect. In the absence of such a 
study, information of the type developed here may be 
useful. 

Another limitation concerns the appropriateness of 
the exponential model. The relatively small number of 
deaths, which prompted our use of this failure-time 
model, also limited our ability to detect departures from 
the model. Also, the data bases provided to us did not 
contain any information about nonfatal proarrhythmia. 
Thus, there is some remaining uncertainty about the 
safety of flecainide and encainide in patients with su- 
praventricular arrhythmias. In planning the treatment 
of individual patients, this uncertainty must be consid- 
ered along with the potent efficacy of these compounds 
to develop a risk:benefit ratio for each patient.?:!° 
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A Generalized Description of Wenckebach 

Behavior with Analysis of Determinants of 

Ventricular Cycle-Length Variation During 
Ambulatory Electrocardiography 


Joel M. Kupfer, MD, and Paul Kligfield, MD 





Although variation in ventricular cycle length 
during Wenckebach-type second-degree atrio- 
ventricular block traditionally has been explained 
by the direction of incremental change in PR 
lengthening preceding the blocked complex, 
changing PP intervals can also affect Wencke- 
bach periodicity. A generalized algebraic solution 
was derived to define changing ventricular cycle 
length as a function of both changing PP and 
changing incremental PR interval behavior in 
Wenckebach block. Based on this solution, the 
determinants of cycle-length variation were ex- 
amined for 65 episodes of Wenckebach block de- 
tected by ambulatory electrocardiography in 51 
patients. As previously demonstrated, only 20% 
(13 of 65) of Wenckebach episodes were charac- 
terized by the “‘classic’’ shortening of RR inter- 
vals; in contrast, ventricular cycle length in- 
creased in 57% (37 of 65) and remained con- 
stant in 23% (15 of 65) of cases. Algebraic 
analysis of these episodes revealed that the di- 
rection of ventricular cycle-length change pre- 
ceding the blocked complex was primarily deter- 
mined by the direction of change of incremental 
PR intervals in only 35% (23 of 65) of Wencke- 
bach episodes; RR change was governed by the 
direction of change of preceding PP intervals in 
34% (22 of 65) and by equal change of PP and 
incremental PR intervals in 31% (20 of 65) of 
these episodes. Both inverse and concordant re- 
lationships between changing RP and PR inter- 
vals were primarily determined by the direction 
of PP variation during in vivo Wenckebach block. 
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These data confirm that classic Wenckebach 
block is less common than “‘atypical’’ Wencke- 
bach periodicity and demonstrate that RR varia- 
tion in Wenckebach block is governed by the 
changing PP interval as often as by the changing 
incremental PR interval. 

(Am J Cardiol 1991;67:981-—986) 


nckebach-type second-degree atrioventricu- 
W lar (AV) block is characterized by progres- 
sive prolongation of the PR interval preced- 
ing the blocked complex.!-? Despite PR lengthening, 
“classic” Wenckebach periodicity has been associated 
with RR interval shortening.*© The traditional expla- 
nation for this phenomenon is that the progressive PR 
lengthening in Wenckebach-type AV block generally 
occurs with progressively smaller increments.57-? In- 
deed, it is a simple algebraic exercise to demonstrate 
that when the PP interval is constant, cycle length dur- 
ing Wenckebach periodicity will vary with the decreas- 
ing, constant or increasing magnitude of the serial in- 
crement in successive PR intervals.?~!° 
However, it has become clear that classic Wencke- 
bach behavior, with shortening cycle lengths due to pro- 
gressive, but decremental, PR prolongation, is more the 
exception than the rule.'!°'? The preponderance of 
Wenckebach behavior that is now recognized to occur 
with increasing cycle lengths should be explained, ac- 
cording to the traditional model,’~? by underlying incre- 
mental prolongation of successive PR intervals. This 
would be true were it not for the confounding effects of 
variability of PP intervals, which are not considered in 
the simple solution of Wenckebach periodicity. As re- 
cently demonstrated by Kinoshita and Konishi,!> atypi- 
cal Wenckebach periods in athletes may often result 
from concordant lengthening of PP and PR intervals. 
Accordingly, we have generalized the algebraic solu- 
tion of Wenckebach type AV block to include variable 
PP intervals as well as variable behavior of PR prolon- 
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gation, and we have applied these descriptive equations 
to analysis of consecutive episodes of type I second-de- 
gree AV block detected by ambulatory electrocardiog- 
raphy. 


METHODS 

A generalized description of Wenckebach behavior: 
As seen in Figure 1, the ventricular cycle lengths pre- 
ceding the blocked complex in Wenckebach periods can 
be written as 


RR,» = PP, , + (PR; — PR,) [1] 
and 
RR; ; = PP, ; + (PR, zgi PR,) [2] 


where RR, > and PP, 2 represent the measured intervals 
immediately preceding the final conducted QRS com- 
plex (R; in the figure), while RR» 3 and PP); are the 
intervals for the next earlier cycles; PR, is the final con- 
ducted interval, PR> the next earlier interval, and PR; 
the interval preceding PR». 

Directional changes in ventricular cycle-length dur- 
ing the 2 cycles of Wenckebach periodicity preceding 





the blocked complex, the dRR, can be expressed as 
equation [1] — equation [2], so that 


dRR = (PP, , — PP, ;) + (PR, + PR; — 2PR,) [3] 


which can be reduced to: 


dRR = dPP + dIPR [4] 
where 
dRR = RR; — RR); [5] 
dPP = PP, , — PP, [6] 
and 
dIPR = (PR, — PR,) — (PR, — PR;) 
or 


dIPR = PR, + PR; — 2PR, [7] 
where dIPR represents the incremental change in PR 
intervals. 

When successive PP intervals are constant, variation 
in cycle length will be entirely dependent on incremen- 
tal PR change (equation [4]), which will be negative, 
positive or zero as serial increments in successive PR 
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FIGURE 1. An algebraic description of Wenckebach behavior, illustrated during second-degree block recorded by ambulatory 
electroca 


y- The 2 


channels are simultaneous. In the top channel, the P wave and QRS immediate- 


rdiographic 
ly preceding the blocked complex (Pg) are labeled P, and R;. The next earlier QRS is R2, which in turn is preceded by R3; the 
accordingly. 


earlier P waves are labeled 


In the bottom channel, the final ventricular cycle-length is labeled RR; 2, preceded by 


RRz 3. The final conducted PR interval is labeled PR, measured from P; to R:. PP, 2 is defined as the PP interval preceding the 
final conducted QRS complex (R;), and it is this PP interval that contributes to the final RR interval preceding the blocked com- 
methods. 


plex. Successively earlier intervals are 
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labeled as shown, from which equations [1] through [7] are derived in the 


intervals decrease, increase or remain constant. Obvi- 
ously, this simple relation can be altered by variable PP 
intervals, in which case the resulting variation in cycle 
length will be governed by the dominant term on the 
right-hand side of equation [4]. As a result, successive 
cycle lengths can increase, decrease or remain constant 
as determined by the relative magnitude of incremental 
PR change and dPP. The predominant mechanism gov- 
erning directional change in dRR can therefore be tak- 
en as the factor with the largest absolute magnitude. 

Population and ambulatory recording: Examples of 
Wenckebach block were selected from a data base con- 
taining all episodes of second-degree AV block found 
among 9,599 consecutive 24-hour ambulatory electro- 
cardiographic recordings performed between 1979 and 
1984.'4 Included in the present report are data from 65 
episodes of Wenckebach block in 51 patients (mean age 
55 years) in whom progressive prolongation of the PR 
interval >40 ms was present during the 3 cycles before 
the blocked complex. 

All electrocardiograms were obtained on Avionics 
model 445 recorders and analyzed on either an Avionics 
Trendsetter or Avionics model 660 scanner, with data 
from simultaneous bipolar CM, and CMs leads printed 
at a paper speed of 25 mm/s. Using calipers, RR, PR 
and PP intervals of the 3 beats before the dropped com- 
plex were measured to the nearest 10 ms by a single 
observer. Values for dRR and dPP were obtained from 
direct measurements according to equations [5] and 
[6], and values for incremental change in PR were de- 
rived by subtracting dPP from dRR, according to equa- 
tion [4]. 

Statistical methods: Differences in proportions be- 
tween unpaired samples were tested by chi-square anal- 
ysis, with Yates’ correction where appropriate. Agree- 


FIGURE 2. Components of Wenckebach 
(WB) AV block (AVB) behavior contribut- 
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corresponding changes in in- 
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ments in directional change among dRR, dPP and in- 
cremental PR change were tested using separate 3 X 3 
chi-square analysis (4 degrees of freedom), with deriva- 
tion of the contingency coefficient (C), and confirmed 
by calculation of the «x statistic for comparison of agree- 
ment (concordance) with chance (Crunch Statistical 
Software, San Francisco, California). For all tests, a p 
value <0.05 was required for rejection of the null hy- 
pothesis. 


RESULTS 

Among 65 episodes of Wenckebach-type second-de- 
gree AV block, 20% (13 of 65) were characterized by 
RR interval shortening, 57% (37 of 65) were character- 
ized by RR interval lengthening, and 23% (15 of 65) 
were characterized by constant RR intervals. During 
these episodes, PP intervals were lengthening more of- 
ten (43%, 28 of 65) than shortening (23%, 15 of 65), 
and incremental PR intervals were lengthening more 
often (54%, 35/65) than shortening (26%, 17 of 65). 

Components and governing determinants of cycle- 
length variation: Components of cycle-length variation 
Wenckebach episodes are shown in Figure 2. Cycle- 
length governance was based on the relative magnitude 
of these components. Shortening of the RR interval 
preceding the blocked complex, the traditional hall- 
mark of Wenckebach periodicity, occurred in only 20% 
of cases. In 6 cases, RR shortening was due entirely to 
shortening incremental PR change, in 4 cases to short- 
ening of both incremental PR and PP (with shortening 
incremental PR predominant in 2 of these cases), and 
in 3 cases entirely to shortening PP. Thus, while incre- 
mental change of PR decreased in 77% (10 of 13) of 
the episodes of RR shortening (classic Wenckebach be- 
havior ), it governed the direction of RR change in only 
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62% (8 of 13). Conversely, decreasing PP governed the 
direction of RR change in 38% (5 of 13) of Wencke- 
bach episodes characterized by RR interval shortening. 

Among the 37 episodes of Wenckebach block in 
which RR intervals lengthened before the blocked com- 
plex, this was entirely due to PP lengthening in 16%, 
and entirely due to incremental PR lengthening in 35% 
of cases (Figure 2). PP and incremental PR both 
lengthened in 49% of cases; when the relative magni- 
tudes were compared in these 18 episodes, PP change 
was greater in 11, incremental PR change was greater 
in 4, and values were equal in 4 cases. Overall, length- 
ening RR intervals were governed by PP lengthening in 
45%, by incremental PR lengthening in 43%, and by 
balanced PP and incremental PR lengthening in 11% 
of episodes. Ventricular cycle length was constant in 
23% of Wenckebach cycles. Absence of change in ei- 
ther PP or incremental PR explained 53% of these 
cases, PP shortening was equal to incremental PR 
lengthening in 20%, and PP lengthening was equal to 
incremental PR shortening in 27%. 

Thus, for the entire study population, change in cy- 
cle length preceding the blocked complex was primarily 
determined by the direction of change of incremental 
PR in 35% (23 of 65), by the direction of change of PP 
in 34% (22 of 65), and by equal change of PP and 
incremental PR in 31% (20 of 65). 

Concordance of directional changes during 
Wenckebach block: Concordances among directional 
changes of ventricular cycle length, PP intervals and 
PR increments before the blocked complex are summa- 
rized in Figure 3. Variation in ventricular cycle length 
was concordant with dPP in 60% (39 of 65, chi-square 
= 21.4, p <0.0003, C = 0.50, x = 0.37, p <0.0001) 
and concordant with incremental PR change in 75% 
(49 of 65, chi-square = 43.0, p <0.0001, C = 0.63, 
x = 0.59, p <0.0001) of Wenckebach episodes. How- 
ever, directional changes of dPP and incremental PR 
were concordant in only 46% (30 of 65, chi-square = 
6.43, difference not significant, C = 0.30, x = 0.16, 
p = 0.066) of cases. 

The observed concordance between ventricular cycle 
length and incremental change in PR did not reliably 
explain the mathematical governance of cycle-length 
variation during in vivo Wenckebach episodes, since 
changing PP intervals separately were found to play an 
important role. For the entire study population, 59% 
(10 of 17) of episodes of incremental PR shortening 
were associated with RR interval shortening before the 
blocked complex, but this was the governing, or numer- 
ically dominant, factor in determining the direction of 
changing RR in only 47% (8 of 17) of these episodes. 
Similarly, lengthening incremental PR was found in 
84% (31 of 37) of episodes in which ventricular cycle 
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length was increasing, but governed the direction of RR 
variation in only 43% (16 of 37) of these episodes. 


DISCUSSION 

In the classic description of Wenckebach behavior, 
ventricular cycle length shortens even as PR intervals 
lengthen before the blocked complex.!~© The traditional 
explanation for this initially paradoxical finding focuses 
on the decremental change in successive PR interval 
increments associated with classic Wenckebach period- 
icity.” 

Components of Wenckebach behavior: Although 
the mechanisms underlying various types of second-de- 
gree AV block remain controversial,'> previous electro- 
physiologic studies have also supported the traditional 
concept that even “atypical” Wenckebach behavior can 
be a primary consequence of changing AV nodal con- 
duction rather than changing sinus rate.'© However, as- 
sumption of constant PP intervals in the traditional ex- 
planation of Wenckebach behavior in vivo is unphysio- 
logic.!’'8 Thus, based on clinical testing of our 
generalized description of Wenckebach behavior devel- 
oped in equations [3] and [4], the important new obser- 
vation in our study is the frequent role of sinus variation 
in the direct and independent determination of the di- 
rection of change of ventricular cycle length during typ- 
ical and atypical Wenckebach behavior in an ambula- 
tory patient population. Overall, RR interval change 
during Wenckebach block was as often determined by 
the directional change in sinus cycle length as by the 
direction of incremental progression of PR intervals. 
Even among the small group of classic Wenckebach 
episodes, shortening of ventricular cycle length was 
mathematically determined by decrementally increas- 
ing PR intervals in only 62% of cases. 

Governance of cycle-length variation: [he high con- 
cordance of directional change between ventricular cy- 
cle length and incremental change in PR intervals 
found in our patients is generally consistent with the 
traditional explanation for Wenckebach behavior, in 
which only the pattern of incremental conduction with- 
in the AV node is considered.’~!° However, the mathe- 
matical governance of ventricular cycle-length variation 
could not reliably be predicted from this concordance, 
because corresponding changes of PP intervals were of- 
ten larger in magnitude and accordingly had a greater 
effect than did incremental PR change on RR interval 
change, as indicated by equation [4]. 

The difficulty in predicting governance of ventricu- 
lar cycle-length variation during Wenckebach periodici- 
ty from either of its components alone, despite the gen- 
eral concordance found separately for cycle-length vari- 
ation with each component, highlights the discordance 
often found in our patients between directional changes 
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in incremental PR and dPP themselves (Figure 3). 
However, the in vivo significance of this interesting 
finding is uncertain. A major interpretive problem is 
that incremental PR change in our model is distinct 
from the simple directional change of successive PR in- 
tervals alone (equation [7]). By definition, the PR inter- 
val was lengthening during all of our episodes of type I 
block, even when there was shortening of incremental 
PR. Therefore, our incremental PR findings cannot be 
assumed to be related to established effects of heart 
rate, autonomic and neurohumoral factors on PR inter- 
val lengthening, and shortening alone,!?-2! but rather 
depend on the impact of these factors on the mathe- 
matical pattern of incremental PR change during 
lengthening AV conduction. The nature of these indi- 
vidual effects and their potentially complex interac- 
tions!®22-24 during Wenckebach behavior require fur- 
ther clinical evaluation. 

Relation of RP and PR intervals: Based on the well- 
recognized inverse relation during electrophysiologic 
study between changes in RP interval and subsequent 
PR interval that comprise RR duration, !6?5 it might be 
argued that equations [1] to [3] should be subject to this 
inverse constraint in the development of any general- 
ized model of Wenckebach behavior. However, such an 
argument is flawed, because the inverse dependence of 
the PR interval on the preceding RP interval is itself 
dependent on experimental conditions in which PP in- 
tervals are held constant, whereas sinus cycle length 
may vary during in vivo episodes of Wenckebach be- 
havior. This phenomenon can be examined using our 
equations, because the conditional relation between se- 
rial changes in RP and PR intervals can be algebraical- 
ly described from the variables illustrated in Figure 1. 

As demonstrated in the Appendix, the directional 
change in any 2 successive PR intervals (dPR ) is deter- 
mined both by changing RP (dRP) and by changing 
RR (dRR) intervals. From this derivation, it is obvious 
that dPR (the lengthening PR in Wenckebach block) 
must be directionally opposite to dRP when dRR is 
negative or zero in value (equation [11]), as occurs in 
classic Wenckebach cycles or in those cases of Wencke- 
bach block associated with constant ventricular cycle 
length. At the same time, it is also apparent that dPR 
may be directionally concordant with dRP when dRR 
iS positive, as occurs with atypical Wenckebach behav- 
ior in which ventricular cycle length is increasing. Be- 
cause dPR must be positive in this context, such con- 
cordance will only exist for lengthening RP intervals, 
and concordance is only possible in episodes where 
dRR exceeds dRP, according to the equation. 

Furthermore, it is seen from the Appendix that the 
direction of dRP in Wenckebach block is itself deter- 
mined by the magnitude and direction of associated PP 





interval behavior (equation [13]). Whereas dRP can 
only be positive when PP intervals are increasing, 
lengthening sinus cycle length was indeed found in 43% 
(28 of 65) of our clinical Wenckebach episodes, 24 of 
which were characterized by lengthening RR intervals 
(Figure 3). Among these 24 examples of atypical 
Wenckebach block were 18 cases with concordant 
lengthening of RP and PR intervals before the blocked 
complex, comprising 28% (18 of 65) of all Wencke- 
bach behavior in this ambulatory population. Thus, the 
experimentally observed inverse relation between RP 
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FIGURE 3. Concordance and discordance of directional 
changes in RR, PP and incremental PR intervals in Wencke- 
bach block. Despite general concordance of dRR and dPP and 
dIPR separately (top and middle panels), the components of 
dRR demonstrate frequent discordance of directional change 
(bottom panel). Abbreviations as in Figure 2. 
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and PR intervals is both predicted and required by the 
algebra of classic Wenckebach behavior, but this rela- 
tion is intrinsically dependent on the direction of PP 
interval variation and cannot be considered a general 
constraint on all Wenckebach behavior in vivo. 


APPENDIX 

With reference to Figure 1, the relation of the 
change in PR interval to the change in preceding RP 
intervals can be derived from 


PR, =RR,. — RP, [8] 
and 

PR, = RR, 3 Ei RP, [9] 
from which 
PR, — PR, = (RRi -~ RR, 3) — (RP; — RP) [10] 
or 

dPR = dRR — dRP [11] 


In equation [11], dPR represents the changes over 
the final 2 PR intervals preceding the blocked complex, 
and is distinct from dIPR derived as equation [7], which 
represents the incremental change associated with the 
final 3 PR intervals. Since dRP represents the corre- 
sponding change of preceding RP intervals, it is appar- 
ent from equation [11] that when dPR is positive, as 
occurs with Wenckebach block, it must be inversely re- 
lated to dRP only when ventricular cycle length preced- 
ing the blocked complex is constant (dRR = 0) or in 
cases of ventricular cycle length shortening where dRP 
is of greater absolute magnitude than dRR. It is also 
apparent from the equation that dPR and dRP can be 
concordant in positive direction in cases of increasing 
ventricular cycle length if dRR is greater than dRP. 

Rearrangement of equation [11] to solve for dRP, 
with substitution for dRR according to equation [4] re- 
veals that 


dRP = dPP + dIPR — dPR [12] 
and since 
dIPR = (PR, — PR,) — (PR; — PR;) 
and 
(PR, — PR,) = dPR, 
it follows that 
dRP = dPP — (PR, — PR;) [13] 


where (PR — PR3) represents the increment in PR 
intervals that precedes the final conducted PR interval. 
When the PR intervals are lengthening in Wenckebach 
block, this term will be positive. As a result, RP inter- 
vals must be shortening (because dRP must be nega- 
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tive) in cases in which the PP interval is constant, as in 
classic Wenckebach behavior, and the PP interval is 
shortening. However, when the PP interval is lengthen- 
ing, RP intervals may also lengthen and be directional- 
ly concordant with changing PR intervals. 
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SYSTEMIC HYPERTENSION 


Dyslipidemic Effects of Cigarette Smoking on 
Beta-Blocker-Induced Serum Lipid Changes in 
Systemic Hypertension 


Gregory P. Vyssoulis, MD, Eva A. Karpanou, MD, Christos E. Pitsavos, MD, 
Marina A. Toutouza, MD, Athanasios A. Paleologos, MD, and Pavlos K. Toutouzas, MD 


To assess the effects of 8 blockers on lipids and 


apolipoproteins in cigarette smokers and non- 
smokers, 330 patients with systemic hyperten- 
sion received 1 month of placebo and 6 months 
of 6-blocker monotherapy. Serum total choles- 
terol, triglycerides, high-density lipoprotein 
(HDL) cholesterol, low-density lipoprotein (LDL) 
cholesterol, and apolipoproteins A; and B were 
measured. Total cholesterol increased with pro- 
pranolol (smokers vs nonsmokers, 8 vs 2%); in- 
creased for smokers and decreased for non- 
smokers with atenolol (8 vs —3%), metoprolol (6 
vs —1%) and pindolol (7 vs —6%); and decreased 
for both groups with celiprolol (—3 vs —10%),. 
HDL cholesterol decreased with propranolol 
(smokers vs nonsmokers, —8 vs —18%), atenolol 
(—7 vs —2%) and metoprolol (—12 vs —1%); in- 
creased for smokers and decreased for non- 
smokers with pindolol (11 vs —2%); and in- 
creased for both groups with celiprolol (5 vs 
6%). Similar trends were observed with LDL 
cholesterol and the total/HDL cholesterol ratio. It 
is concluded that early noncardioselective 8 
blockers such as propranolol have significant 
dyslipidemic effects in both smokers and non- 
smokers. Cardioselective drugs such as atenolol 
and metoprolol, or drugs with partial agonist ac- 
tivity such as pindolol, have variable effects. Ce- 
iprolol, a new, highly cardioselective 6; blocker 
with partial 62 agonist activity and vasodilatory 
sroperties, has favorable effects on lipids and 
ninimizes the dyslipidemic effects associated 
with smoking. 

(Am J Cardiol 1991;67:987-992) 
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ly propranolol, the first agent in this therapeutic 

class, have been extensively reported.! The ef- 
fects of newer 8 blockers on serum lipids are not as well 
studied, nor are their effects on serum apolipoproteins 
extensively documented.” Cigarette smoking, an inde- 
pendent risk factor for coronary artery disease, often 
has been suggested as the cause of occult dyslipidemia 
(low serum concentrations of high-density lipoprotein 
[HDL] cholesterol).> No reported studies examined the 
effects of smoking on HDL cholesterol and other lipid 
parameters after antihypertensive treatment with 8 
blockers. In this study of 330 patients with systemic 
mild to moderate hypertension, serum lipid and apoli- 
poproteins were assessed before and 6 months after 
monotherapy with 5 different 8 blockers. Data were 
also analyzed according to smokers versus nonsmokers. 


T he dyslipidemic effects of 8 blockers, particular- 


METHODS 

Five-hundred patients recruited between 1986 and 
1988 gave written informed consent to participate in a 
randomized, open-label, long-term, ongoing study of 8- 
blocker monotherapy for mild to moderate systemic hy- 
pertension. 

Patients: All enrolled patients had a stable sitting 
diastolic blood pressure at rest of 95 to 110 mm Hg 
without medication. To qualify for randomization, sit- 
ting diastolic blood pressure (average of 3 readings) 
had to be within the above-defined range at both weeks 
3 and 4 of the placebo washout period and had to vary 
by <4 mm Hg between the 2 visits. 

Exclusion criteria were significant cardiovascular 
disease other than systemic hypertension, history of ad- 
verse reaction to -adrenergic blocking agents, cerebro- 
vascular accident or insufficiency within the previous 
year, chronic obstructive pulmonary disease, hepatic or 
renal dysfunction, allergic rhinitis, hemolytic disease, 
endocrine disease and diabetes mellitus. Patients on a 
weight-control diet, morbidly obese (body mass index 
>35 kg/m7?), or using hypolipidemic drugs were also 
excluded. 
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TABLE I Patient Characteristics 


Propranolol 


Patients (number) 

Male /female 

Age (yr) 

BMI (kg/m?) 

LDL cholesterol >160 mg/dl (%) 
Smokers (number [%]) 


All values are mean + 1 standard deviation. 
BMI = body mass index; LDL = low-density lipoprotein. 


Study design: After an initial screen and discontinu- 
ation of all antihypertensive medication (30% of pa- 
tients), patients entered a 4-week placebo run-in wash- 
out period. Eligible patients were then randomized to | 
of 5 treatment arms: propranolol, 20 mg 3 times daily; 
atenolol, 100 mg/day; metoprolol, 100 mg/day; pindo- 
lol, 5 mg 3 times daily; or celiprolol 200 mg/day. Goal 
response was defined as a reduction in sitting diastolic 
blood pressure to <90 mm Hg or a decrease of 210 
mm Hg in the baseline diastolic blood pressure after | 
month of 6-blocker therapy. Full participation in the 
study was for 30 weeks: 4 weeks of placebo and 26 
weeks of randomized 6-blocker treatment. At weeks 3 
and 4 of the placebo period, serum lipids and apolipo- 
proteins were measured; the averages of the 2 measure- 
ments were used as baseline values. Patients were ex- 
amined during weeks 2 and 4 of active therapy and 
thereafter at 4-week intervals. Serum lipids and apoli- 
poproteins were measured during weeks 24 and 26 of 
active treatment; the average of the 2 readings was 
used as the 6-month value for each parameter. 

Methods of observation: At each visit, blood pres- 
sure and heart rate at rest were measured 3 times each 
sitting and standing, just before the next dose. Safety 
was monitored during the placebo and active treatment 
phases by side-effect profiling elicited by standard ques- 


TABLE Il Serum Lipid Values at Baseline in Smokers and 
Nonsmokers 


Smokers Nonsmokers 


Atenolol 


Total cholesterol (mg/dl) 
Triglycerides (mg/dl) 
HDL cholesterol (mg/dl) 


LDL cholesterol (mg/dl) 
Total cholesterol / 
HDL cholesterol 
Apo A; (mg/dl) 
Apo B (mg/dl) 
Apo B/Apo A; 


(n= 113) 


242445 
133 + 46 
47+11 
168 + 40 

6+1 


154+ 34 
154+ 38 
1+04 


Data are mean + 1 standard deviation. aA 
Apo = apolipoprotein; HDL = high-density lipoprotein; LDL = low-density lipopro- 


tein; NS = not significant. 


(n= 217) 


248 + 47 
131452 
51412 
171+ 46 

o&2 


162 + 30 
145+ 42 
0.94+0.3 


p Value 
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tionnaire, complete blood count, blood chemistry deter- 
mination, urinalysis, electrocardiogram and echocar- 
diogram. 

Before morning drug ingestion, venous blood sam- 
ples were drawn after a 12-hour overnight fast and lipid 
and apolipoprotein determinations were performed on 
fresh plasma samples.* Total cholesterol and triglycer- 
ides were determined by the enzymatic colorimetric 
method*° and HDL cholesterol by the phosphotung- 
state precipitation method (Ames, Sera-Pak™).’ Apo- 
lipoproteins A; and B were measured by liquid- 
phase immunoprecipitation assay with nephelomet- 
ric end-point detection (Orion Diagnostica Turbox™). 
LDL cholesterol was calculated by the method of 
Friedewald, LDL cholesterol = total cholesterol — 
HDL cholesterol — triglycerides/5.? The total/HDL 
cholesterol and apolipoprotein B/apolipoprotein A, ra- 
tios were also calculated.!° 

Statistical analysis: Mean values + standard devi- 
ations for all lipid parameters were computed at base- 
line and at 6 months, and the percent change for each 
patient was calculated. The paired 7 test was used to 
evaluate changes in lipids after 6 months of treatment. 
The Student’s unpaired ¢ test was used to compare 
the magnitude of changes in lipids between smokers 
and nonsmokers in the 5 groups. Between-group and 
among-group differences in lipid changes in both smok- 
ers and nonsmokers were evaluated by analysis of vari- 
ance. A p value <0.05 was considered significant. 


RESULTS 

By the 6-month end point, 170 patients had discon- 
tinued the study owing to inadequate blood pressure 
control, addition of a second antihypertensive agent, 
bradycardia (heart rate <55 beats/min), drug-induced 
specific side effects, noncompliance or unwillingness to 
continue. 

Data are reported only for the 330 patients who 
completed the study. For these patients, there were no 
differences in baseline characteristics among the 5 
groups with regard to distribution of sex and age, body 
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mass index, incidence of dyslipidemia or smoking habits 
(Table I). None of the 113 smokers quit smoking dur- 
ing the study. The remaining 217 patients had never 
smoked. Body weight remained stable in all subgroups 
throughout the study, and no specific dietary or hypo- 
lipidemic counseling was given. At baseline, smokers 
had lower HDL cholesterol and apolipoprotein A, val- 
ues, which resulted in higher total/HDL cholesterol 
and apolipoprotein B/apolipoprotein A, ratios than for 
nonsmokers (Table II). 

Serum lipid and apolipoprotein values at baseline 
and after 6 months of 6-blocker treatment and their 


respective percent changes in smokers and nonsmokers 
are listed in Tables III through VII. 

Propranolol had significant dyslipidemic effects on 
all lipids and apolipoproteins in smokers, and it pro- 
duced significant adverse effects on HDL cholesterol 
and apolipoprotein A; in nonsmokers (Table III). 

Atenolol had significant adverse effects on all serum 
lipids and on apolipoprotein A; in smokers, and pro- 
duced a statistically significant decrease in apolipopro- 
tein A; in nonsmokers (Table IV). 

Metoprolol induced significant dyslipidemic effects 
on triglycerides and HDL cholesterol in smokers (Table 


` TABLE Ill Serum Lipid Values at Baseline and After Six Months of Propranolol Therapy 





Smokers 

Baseline 6 Months % Change p Value 
Total cholesterol 255+ 47 273+48 8+11 0.01 
Triglycerides 142 + 54 185 + 98 28 + 38 0.01 
HDL cholesterol 46 +9 42 +8 -8 + 13 0.02 
LDL cholesterol 181 +35 195 + 33 9412 0.009 
Total cholesterol / 6+1 7+2 19214 0.0001 

HDL cholesterol 

Apo A; 167 + 46 140+ 34 —144 16 0.005 
Apo B 155465 196 + 100 28441 0.01 
Apo B/Apo A; 1.00.4 1.5 40.8 56 + 69 0.003 


Nonsmokers Smokers vs 
Nonsmokers 

Baseline 6 Months % Change p Value p Value 
248 + 42 250+ 41 2415 NS NS 
153 +4 162 + 41 10 +27 NS NS 
5611 46412 —18 +16 0.0001 0.03 
161 +41 172 +32 13+ 32 NS NS 

5+1 641 31 +45 0.0001 NS 
178 +62 155+ 32 —6+27 0.01 NS 
137 +28 150+ 39 11+28 NS NS 
0.94+0.3 1.00.3 28 + 50 NS NS 


Abbreviations as in Table Il. 


TABLE IV Serum Lipid Values at Baseline and After Six Months of Atenolol Therapy 


Smokers Nonsmokers Smokers vs 
| Nonsmokers 
| Baseline 6 Months % Change p Value Baseline 6 Months % Change p Value p Value 

Total cholesterol 230 + 44 247 +53 8214 0.007 251+ 54 244 + 55 -34 11 NS 0.004 
Triglycerides 141 +54 165+ 72 20+ 44 0.03 145+ 56 141 + 54 2+28 NS NS 
HDL cholesterol 47+15 43412 —7+14 0.003 50+ 12 49+ 11 —2+11 NS NS 
LDL cholesterol 155+ 40 172+45 14+ 28 0.02 173451 167 +49 —2+15 NS 0.01 
Total cholesterol / 5+2 6+2 20+ 29 0.004 5+2 52 —0.1 + 14 NS 0.003 
HDL cholesterol 

Apo A; 160 + 49 138+ 25 —8+21 0.02 164421 151 +30 =8 £17 0.009 NS 
Apo B 161 +40 165+ 39 6+31 NS 147 +31 141 +36 ~3+22 NS NS 
Apo B/Apo A, 1.1+0.5 1.2+04 23+ 46 NS 0.9+0.3 1.0+0.3 9+35 NS NS 


Abbreviations as in Table Il. 












Smokers vs 
Nonsmokers 
p Value 


Smokers Nonsmokers 






Baseline 6 Months % Change Baseline 6 Months % Change 















Total cholesterol 236 + 53 244 + 43 6415 254 + 54 250 + 52 —0.6+14 NS NS 
Triglycerides 128 + 42 172+ 84 31432 0.001 124445 127+43 8+31 NS 0.01 
HDL cholesterol 45+8 41411 —12412 0.0007 51413 50+ 12 —0.6 +19 NS 0.02 
LDL cholesterol 165 +55 169 + 4 7+20 NS 179451 175+ 54 =] +22 NS NS 
Total cholesterol / 5+2 7+2 22+ 26 0.004 542 542 4425 NS 0.01 
HDL cholesterol 
Apo A; 148+ 25 136+ 25 —8 4+6 0.0001 167 +25 151 +35 —8 +23 0.03 NS 
Apo B 162 + 48 178 + 49 17 +36 NS 145+ 39 142+ 38 1+27 oik NS 
Apo B/Apo A, 1.1 +40.4 1.40.5 27 +40 0.006 0.9 +40.3 1.00.3 14435 NS 





Abbreviations as in Table II. 
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V). In nonsmokers, metoprolol significantly increased 
apolipoprotein Aj. 

Pindolol had no significant dyslipidemic effects in 
smokers, with the exception of an increase in apolipo- 
protein B (Table VI). Among nonsmokers, it signifi- 
cantly (p = 0.01) decreased total cholesterol, LDL cho- 
lesterol and apolipoprotein B, and increased apolipopro- 
tein A; (p = 0.02). The difference in dyslipidemic 
effects between smokers and nonsmokers was signifi- 
cant for total, HDL and LDL cholesterol and for apoli- 
poprotein B. 

Celiprolol therapy resulted in significant decreases 
in triglycerides and apolipoprotein B (both —14%) in 
smokers (Table VII). In nonsmokers, celiprolol signifi- 
cantly (p <0.001) reduced total cholesterol, triglyc- 
erides, LDL cholesterol and apolipoprotein B (p = 
0.003). The overall trend in lipid changes was similar in 
smokers and nonsmokers, with no significant between- 
group differences. 

Compared with atenolol and metoprolol, proprano- 
lol had no significant differences on lipid changes in 
smokers; in nonsmokers there were differences in HDL, 
LDL, and total/HDL cholesterol changes. Compared 
with the newer agents pindolol and celiprolol, the 














Smokers 


Baseline 6 Months % Change 








Total cholesterol 218439 230 + 30 7415 NS 
Triglycerides 114430 110+ 46 -3424 NS 
HDL cholesterol 4849 52412 11 +22 NS 
LDL cholesterol 148 + 36 156 + 30 9+24 NS 
Total cholesterol / 5+1 5+1 —0.3+ 22 NS 
HDL cholesterol 
Apo A; 162453 160 + 26 9+ 40 NS 
ApoB 128443 145+ 24 20 + 28 0.04 
Apo B/Apo A; 0.9 + 0.4 0.9+0.3 19+41 NS 









Abbreviations as in Table Il. 







Smokers 


Baseline 6 Months % Change 





Total cholesterol 262+ 41 249 + 30 —4415 NS 
Triglycerides 135+ 44 112 + 33 —144 19 0.0001 
HDL cholesterol 50412 51+11 5+20 NS 
LDL cholesterol 185 + 36 175+ 26 —3+21 NS 
Total cholesterol / 6+1 94i —64 19 NS 
HDL cholesterol 
Apo A; 175449 178 +34 518 NS 
Apo B 154+ 36 131429 —14413 0.0001 
Apo B/Apo A; 1.04+0.3 0840.2  —-14+27 0.0003 
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TABLE VI Serum Lipid Values at Baseline and After Six Months of Pindolol Therapy 





TABLE VII Serum Lipid Values at Baseline and After Six Months of Celiprolol Therapy 


p Value 


Abbreviations as in Table II. 





differences in propranolol-induced lipid changes were 
more pronounced in nonsmokers than in smokers. 

Comparisons of celiprolol and pindolol showed that 
the effects of celiprolol on total cholesterol (—4 vs 7%, 
p = 0.03) and apolipoprotein B (—14 vs 20%, p 
<0.0001) were more favorable than those of pindolol in 
smokers. The 2 drugs had similar effects on total cho- 
lesterol and apolipoprotein B in nonsmokers. In addi- 
tion, celiprolol produced more favorable effects than 
pindolol on triglycerides (—15 vs 14%, p = 0.007), 
HDL cholesterol (6 vs —2%, p = 0.02), and total/ 
HDL cholesterol (—12 vs —3%, p = 0.03) ratio in non- 
smokers. 


DISCUSSION 

Interventional studies have not shown that 8 
blockers reduce coronary mortality.!°-!? The dyslipide- 
mic effects of 6-blocker therapy may be a contributing 
factor.'!3:!4 The mechanism by which various 8 blockers 
adversely affect the lipid profile may be related to 
the degree of impairment in lipoprotein lipase activity 
through 6>-receptor antagonism, unopposed a effect, or 
both, or indirectly through the effects of 8 blockers 
on glucose tolerance.!>-!* Hepatic cholesterol synthesis 


Nonsmokers Smokers vs 
Nonsmokers 
Baseline 6 Months % Change p Value p Value 








249 + 37 232 + 31 —6413 0.01 0.008 
109 + 47 113441 14451 NS NS 
50 + 9 4947 ~—2£ 11 NS 0.04 
177+ 38 160 + 30 =F £13 0.01 0.03 
SEL 5+ SSE NS NS 
144 + 20 156 + 23 10+ 19 0.02 NS 
162 + 59 140 + 36 —6 +27 0.01 0.005 
1.2+0.5 0.9+0.3 =9 +45 0.007 0.04 





Nonsmokers Smokers vs 
Nonsmokers 
Baseline 6 Months % Change p Value p Value 














244 + 46 217437 —-10415 <0.0001 NS 
128+ 59 100 + 43 —15 +34 0.0001 NS 
49+12 51411 6+ 23 NS NS 
169 + 46 146 + 36 11220 0.0001 NS 
<a St: =12 4 20 0.0001 NS 
160 + 28 161 +34 3425 NS NS 
139 + 47 122434 =f+3i 0.003 NS 
0.94+0.3 0.8 + 0.3 -7+29 0.002 NS 
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plays a major role: 8 blockers may increase lipid pro- 
duction through augmented serum catecholamine lev- 
els, and a new class of vasodilatory 6 blockers may in- 
crease cholesterol degradation through hepatic vasodi- 
lation.'?:2° Thus, the mode of action and the clinical 
effects of 8 blockers may vary considerably. 

Our data indicate that antihypertensive therapy 
with noncardioselective 8 blockers such as propranolol 
adversely and significantly affect almost all lipid pa- 
rameters, particularly among smokers. The cardioselec- 
tive 6 blockers atenolol and metoprolol have more mod- 
erate dyslipidemic effects among smokers and are es- 
sentially lipid-neutral among nonsmokers, producing no 
statistically significant changes except for their deleteri- 
ous effect on apolipoprotein A;. Pindolol, which com- 
bines cardioselectivity and partial agonist activity, is 
also predominantly lipid-neutral among smokers (ex- 
cept for statistically significant increases in apolipopro- 
tein B), and has some significant positive effects among 
nonsmokers. Celiprolol, a new, highly cardioselective 3, 
blocker with partial 62 agonism and vasodilatory ef- 
fects, has consistently favorable effects on virtually all 
lipid and apolipoprotein parameters in both smokers 
and nonsmokers; in nonsmokers, most of the favorable 
effects on lipids were statistically significant. 

Smokers are a special subgroup of hypertensive pa- 
tients. Compared with nonsmokers, hypertensive men 
who smoke have a threefold increase in the incidence of 
coronary artery disease.*!*? Smoking causes dyslipide- 
mic effects, including decreases in HDL cholesterol and 
increases in triglycerides.*?4 No major study of the 
effects of antihypertensive treatment on lipids has 
addressed the effects of smoking on the entire lipid 
orofile.*° 

In a recent long-term multicenter study that com- 
dared mortality in hypertensive patients treated with a 
‘hiazide diuretic or a 6 blocker (metoprolol), total mor- 
‘ality was lower in nonsmokers than in smokers for 
doth treatments.*° However, total cholesterol was sig- 
uficantly higher in the thiazide-treated group by the 
ənd of the study. Further analysis showed that the inci- 
lence of total, cardiovascular and coronary artery dis- 
ase mortality was less in patients treated with the 8 
locker—which had less of an effect on lipids—than in 
liuretic-treated patients.*” These findings may reflect 
in interaction between smoking and the adverse meta- 
solic effects of antihypertensive therapy.?° 

The findings of the present study indicate that the 
idverse effects of 8-blocker therapy on serum lipids can 
ye differentiated by individual drug and by smoking. 
Che established dyslipidemic action of noncardioselec- 
ive 8 blockers, such as propranolol, appeared to 


be more pronounced in smokers. Cardioselective 6 
blockers such as atenolol and metoprolol had more 
moderate dyslipidemic effects among smokers, whereas 
8 blockers with partial agonist activity, such as pindo- 
lol, had no significant effects in smokers and had some 
positive effects in nonsmokers. Celiprolol, a highly car- 
dioselective 8; blocker with partial 8>-agonist activity 
and peripheral vasodilating properties, had favorable ef- 
fects on most serum lipids and lipoproteins in both 
smokers and nonsmokers. 

The effects of various 6 blockers on lipids appear to 
be related to properties of individual drugs in conjunc- 
tion with smoking.'®?° Drugs with partial agonist activ- 
ity appear to produce minimal adverse changes in 
serum HDL cholesterol levels, as our results with 
pindolol and celiprolol demonstrate. The degree of car- 
dioselectivity may also affect lipids, particularly triglyc- 
erides and, to a lesser extent, total cholesterol.293° Pe- 
ripheral vasodilation may produce favorable lipid ef- 
fects and thereby lessen the dyslipidemic results of 
smoking. Celiprolol, which possesses all 3 of these prop- 
erties, produced some of the most favorable effects on 
lipids of all @ blockers studied. 
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CONGESTIVE HEART FAILURE 


Sympathetic Responses of Patients with 
Congestive Heart Failure to 
Cold Pressor Stimulus 


Ron M. Oren, MD, Paul J. Roach, MD, Hans P. Schobel, MD, William J. Berg, MD, 
and David W. Ferguson, MD, with the technical assistance of Joan S. Kempf, LPN 


Studies in patients with congestive heart failure 
(CHF) demonstrate blunting of sympathoexcit- 
atory responses to baroreflex perturbation. 
Whereas experimental and limited clinical evi- 
dence suggests impairment of baroreflex mecha- 
nisms as the etiology of these attenuated re- 
sponses, an alternative mechanism would be an 
inability of patients with CHF to increase sympa- 
thetic neural outflow above markedly elevated 
baseline levels. Hemodynamic and sympathetic 
neural responses (peroneal microneurography) 
were therefore compared of normal subjects (n = 
10) and patients with CHF (n = 10) during the 
non-baroreflex sympathoexcitatory stimulus of 
the cold pressor test. The cold pressor stimulus 
produced increases in arterial pressure and 
heart rate in both groups. During hand immer- 
sion in ice water, normal subjects demonstrated 
significant increases in muscle sympathetic 
nerve activity expressed as burst frequency (20 
+ 2 to 28 + 3 bursts/min, p <0.01), total inte- 
grated nerve activity (224 + 41 to 342 + 62 U/ 
min, p <0.05), and total activity corrected for 
accompanying changes in heart rate (375 + 81 
to 538 + 118 U/100 heart beats, p <0.05). Sim- 
ilarly, despite elevated control levels of sympa- 
thetic activity, patients with CHF also demon- 
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strated significant sympathoexcitatory re- 
sponses to the cold pressor stimulus, with 
increases in muscle sympathetic nerve burst fre- 
quency (60 + 7 to 67 + 7 bursts/min, p <0.01) 
total integrated nerve activity (818 + 159 to 
1,015 + 191 U, p <0.001), and total activity 
corrected for accompanying changes in heart 
rate (1,008 + 178 to 1,173 + 201 U/100 heart 
beats, p <0.01). Thus, patients with CHF have a 
preserved capacity for sympathoexcitation de- 
spite markedly elevated levels of resting sympa- 
thetic activity. 

(Am J Cardiol 1991;67:993-1001) 


hallmark of congestive heart failure (CHF) 
A: neuroendocrine activation, a prominent fea- 

ture of which is increased plasma norepineph- 
rine.!~* Prior studies in our laboratory indicate that in- 
creased plasma norepinephrine is due in large part to 
increased central sympathetic neural outflow which 
parallels the degree of cardiac impairment.>-° The prog- 
nosis of patients with CHF appears related to the mag- 
nitude of sympathoexcitation.4 Whereas the mecha- 
nisms responsible for increased central sympathetic out- 
flow are not fully defined, recent studies provide some 
insight. 

Experimental models of heart failure and clinical in- 
vestigations of patients with CHF suggest that impair- 
ment of inhibitory baroreflexes may partially explain 
this sympathoexcitation.’ Studies using plasma norepi- 
nephrine as an index of sympathetic mechanisms in pa- 
tients with CHF demonstrate blunting of baroreflex re- 
sponses to unloading of baroreceptors during vasodila- 
tor infusion.® Patients with the most severe baroreflex 
impairment had a poorer short-term prognosis. Because 
plasma norepinephrine is derived primarily by release 
from sympathetic nerves, an additional or alternative 
mechanism for blunted sympathetic responses to baro- 
receptor unloading might be an inability of patients 
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with CHF to increase sympathetic neural outflow 
above markedly elevated baseline levels. 

To assess the potential for sympathoexcitation in pa- 
tients with CHF, prior investigations have used indirect 
methods (e.g., vasoconstrictor responses, changes in 
plasma norepinephrine) to assess sympathetic responses 
to the non—baroreflex-mediated cold pressor stimu- 
lus.?:!9-!3 However, these studies demonstrated incon- 
sistent and conflicting results. Therefore, the aim of the 
present study was to directly measure efferent sympa- 
thetic nerve activity to examine the potential for sym- 
pathoexcitation in response to the cold pressor test in 
patients with CHF. 


METHODS 

Subjects: Twenty subjects were examined in 2 study 
groups: normal control subjects (n = 10) and patients 
with CHF (n = 10). Heart failure was defined by 
symptoms of dyspnea and exercise intolerance consis- 
tent with New York Heart Association (NYHA) func- 
tional class >II and left ventricular ejection fraction 
<35% on radionuclide ventriculography. The patients 
had none of the following illnesses: (1) myocardial in- 
farction within 30 days of study; (2) unstable angina; 
(3) obstructive valvular or hypertrophic heart disease; 
or (4) presence of other systemic disorders associated 
with disturbances of autonomic control of the circula- 
tion. They also did not require continuance of medica- 
tions known to alter autonomic control mechanisms. 
Digitalis glycosides were discontinued for a minimum 
of 7 days before the study. All oral medications except 
for diuretics were withheld for a minimum of 4 half- 
lives, and diuretics were withheld for at least 12 hours 
before the study. Diuretic doses were stable in most 
patients for 2 to 3 days before the study. Echocardio- 
grams, electrocardiograms and radionuclide ventriculo- 
grams were obtained within 2 days before the study 
and all patients were in predominant normal sinus 
rhythm. Informed written consent was obtained from 
all subjects, and the protocol was approved by the Hu- 
man Subjects Review Committee. 

Hemodynamic measurements in patients with heart 
failure and in normal subjects: Hemodynamic assess- 
ment in patients with CHF was performed after percu- 
taneous placement under local anesthesia of a 7.5Fr 
flow-directed oximetry thermodilution pulmonary ar- 
tery catheter and a 4Fr polyethylene arterial catheter. 
Systemic arterial and right heart pressures were record- 
ed and right-sided oxygen saturation samples excluded 
an intracardiac left-to-right shunt in all patients. Ther- 
modilution cardiac output was determined with 10-ml 
iced saline injections (5 measurements) and Fick cardi- 
ac output was determined simultaneously. During ex- 
perimental studies, pulmonary artery diastolic pressure 
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was used to assess left heart filling pressure since there 
was excellent correlation (r = 0.97, p <0.00001, n = 
10) between this parameter and pulmonary capillary ~ 
wedge pressure. Cardiac output was measured by ther- 
modilution during experimental periods because of ini- 
tial excellent correlation (r = 0.94, p <0.0001, n = 10) 
between thermodilution and Fick methods of measure- 
ment. Forearm blood flow was measured in 6 of the 
patients with CHF and in all of the normal subjects by 
venous occlusion plethysmography.”:!* Blood flow was 
measured every 15 seconds, and the average value per 
minute was determined. Forearm vascular resistance 
was derived by dividing mean arterial pressure (mm 
Hg) by forearm blood flow (ml/min/100 ml of fore- 
arm volume) and expressed as units. 

In normal subjects, arterial lines were placed in the 
manner described for patients with CHF and cardiac 
filling pressure was measured as central venous pres- 
sure by insertion of an 18.5-gauge polyethylene cathe- 
ter into a median antecubital vein and advancement of 
the catheter to an intrathoracic position. 

Microneurographic recording of muscle sympathet- 
ic nerve activity: Multiunit recordings of postganglionic 
skeletal muscle sympathetic nerve activity were ob- 
tained from a muscle nerve fascicle in the peroneal 
nerve posterior to the fibular head. This technique has 
been validated and extensively described in studies from 
our laboratory and elsewhere and standard criteria for 
a recording of muscle sympathetic nerve activity were 
achieved in all subjects.56!5-718 Resting activity was 
measured for =10 minutes before the study was begun 
to insure that a stable baseline had been obtained. 
Sympathetic bursts were identified by inspection of the 
mean voltage neurogram and frequency was deter- 
mined as bursts per minute. Individual burst amplitude 
was measured and total integrated sympathetic nerve 
activity was calculated as the total sum of burst ampli- 
tudes per minute and expressed as units per minute. 
Nerve activity was also corrected for heart rate and 
expressed as units per 100 heart beats.'* Prior studies in 
our laboratory have determined an intraobserver vari- 
ability of 5% and an interobserver variability of <10% 
in this calculation of sympathetic nerve activity.!’ 

Cold pressor test: The cold pressor stimulus was 
performed by immersing one hand up to the wrist in ice 
water for 2 minutes. Subjects avoided isometric con- 
traction, Valsalva maneuver or apnea during the stimu- 
lus. Measurements of hemodynamics and sympathetic 
nerve activity were obtained each minute during 2-min- 
ute periods of control, cold pressor stimulus and re- 
covery. 

Statistical analysis: Comparisons of hemodynamic 
and sympathetic neural activity between normal sub- 
jects and patients with CHF were performed by un- 


paired ¢ test. Intragroup comparisons of average re- 
sponses between control and cold pressor conditions 
were performed by paired ¢ test, while minute-to-min- 
ute responses throughout control, cold pressor test and 
recovery periods were performed by 2-way repeated- 
measures analysis of variance. Correlations between 
muscle sympathetic nerve activity and hemodynamic 
variables and between baseline sympathetic nerve activ- 
ity and magnitude of sympathetic response to stimulus 
were determined by linear regression analyses. All data 
are reported as mean + standard error of the mean. A 
p value <0.05 was considered statistically significant. 


RESULTS 

Subject groups: The clinical and resting hemody- 
namic characteristics of the normal subjects and pa- 
tients with heart failure are listed in Table I. The nor- 
mal subject group consisted of 10 men (mean age + 
standard error of the mean 24 + 1 years) who were 
younger than the 10 men in the CHF group (age 54 + 
3 years, p <0.001 vs that in normal subjects). The eti- 
ology of heart failure included idiopathic dilated cardio- 
myopathy (n = 5), alcoholic cardiomyopathy (n = 1) 
and coronary artery disease (n = 4). The patients were 
in NYHA functional class II (n = 4) or class HI (n = 
6). Mean left ventricular ejection fraction assessed by 
radionuclide ventriculogram was 18 + 4% in the pa- 
tients with heart failure. 

There were no differences in resting systemic arteri- 
al pressure or right atrial pressure between the 2 
groups. Patients with CHF had increased heart rates, 
left heart filling pressures, arterial-mixed venous oxy- 
gen content differences, and resting levels of muscle 
sympathetic nerve activity, consistent with moderate 
heart failure; they also had significantly greater sympa- 
thetic nerve activity than did normal subjects. This 
marked difference in resting sympathetic nerve activity 
persisted when corrected for heart rate, consistent with 
prior observations from our laboratory.>-° 

Responses of normal subjects to cold pressor stim- 
ulus: The average 2-minute responses of the 10 normal 
subjects to the cold pressor stimulus are shown in Fig- 
ure 1. The cold pressor stimulus resulted in significant 
increases in arterial systolic (127 + 4 to 139 + 5 mm 
Hg, p <0.001), diastolic (71 + 2 to 81 + 3 mm Hg, p 
<0.01), mean (90 + 3 to 103 + 4 mm Hg, p <0.001) 
and pulse (56 + 3 to 58 + 3 mm Hg, p <0.05) pres- 
sures, no change in central venous pressure (4.8 + 0.9 
to 4.9 + 0.9 mm Hg, difference not significant), and an 
increase in heart rate (63 + 2 to 67 + 2 beats/min, p 
<0.01). Normal subjects had a decrease in forearm 
blood flow (5.1 + 0.8 to 4.6 + 0.7 ml/min/100 ml, p 
<0.02) and an increase in forearm vascular resistance 
(21.9 + 3.6 to 26.8 + 3.7 U, p <0.01). During the cold 





TABLE I Echocardiographic and Resting Hemodynamic and 
Sympathetic Neural Characteristics of Subject Groups 


Patients with 
Heart Failure 
(n= 10) 


Normal 
Subjects 


(n = 10) p Value 


Echocardiographic 
characteristics 
Left atrial diameter (mm) 
Left ventricular end- 
diastolic diameter (cm) 
Fractional shortening 
EPSS (cm) 
Resting hemodynamics 
Left ventricular — 
ejection fraction 
Mean arterial pressure 
(mm Hg) 
Heart rate (beats / 
min) 
Right atrial pressure 
(mm Hg) 
Pulmonary artery — 
diastolic pressure 
(mm Hg) 
Arterial-mixed venous O% 
cont. diff. (vol %) 
Cardiac index (liters / — 
min /m?) 
MSNA (bursts /min) 
MSNA (bursts / 100 hb) 


4.2+0.2 
7.1403 


0.12+0.03 
2.4+0.5 


18 +4% 
90.0428 91.043.7 
62.7 +1.7 80.4+46.5 
48+0.9 5621.1 


22.6 + 4.4 


5.7 +40.5 


2.21 +0.17 


20.522.2 5$9.52/7.2 
33.4443 72.945.5 


p <0.0001 
p <0.001 
Values are mean + standard error of the mean for 10 normal subjects and 10 
patients with heart failure, unless otherwise indicated. 
EPSS = E point septal separation; MSNA = muscle sympathetic nerve activity; NS 
= not significant; O2 cont. diff. = oxygen content differences; vol = volume; — = not 
applicable. 


pressor test, normal subjects had marked increases in 
sympathetic nerve activity as measured by burst fre- 
quency (20 + 2 to 28 + 3 bursts/min, p <0.01), total 
integrated nerve activity (224 + 41 to 342 + 62 U/ 
min, p <0.02), and total activity corrected for accom- 
panying changes in heart rate (375 + 81 to 538 + 118 
U/100 heart beats, p <0.05). Figure 2 presents por- 
tions of experimental recordings obtained from a nor- 
mal subject during control period and during the sec- 
ond minute of the cold pressor stimulus. 

Responses of patients with congestive heart failure 
to cold pressor stimulus: The average 2-minute re- 
sponses of the 10 patients with CHF to the cold pressor 
stimulus are shown in Figure 3. As in the normal sub- 
jects, 2 minutes of hand immersion in ice water resulted 
in significant increases in arterial systolic (129 + 7 to 
134 + 8 mm Hg, p <0.02), diastolic (70 + 3 to 77 + 4 
mm Hg, p <0.01) and mean (91 + 4 to 98 + 5 mm 
Hg, p <0.01 ) pressures, although pulse pressure did not 
change (59 + 6 to 58 + 6 mm Hg, difference not 
significant). The cold pressor stimulus produced an in- 
crease in right atrial (5.6 + 1.1 to 6.3 + 1.1 mm Hg, p 
<0.01) and pulmonary arterial systolic (48 + 6 to 51 + 
6 mm Hg, p <0.01), diastolic (23 + 4 to 25 + 4 mm 
Hg, p <0.01) and mean (31 + 5 to 35 + 5 mm Hg, p 
<0.01) pressures, as well as an increase in heart rate 
(80 + 6 to 86 + 6 beats/min, p <0.01). Patients with 
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CHF had a decrease in forearm blood flow (3.3 + 0.4 
to 3.0 + 0.4 ml/min/100 ml, p = 0.05) and a tendency 
for an increase in forearm vascular resistance (30.8 + 
5.1 to 40.8 + 10.4 U, p = 0.13, n = 6) during the cold 
pressor test. 


Mean Arterial 
Pressure Heart Rate 
(mmHg) (bpm) 
150 100 


MSNA MSNA 
(bursts/min) (units/min) 
1400 


Similar to the responses of the normal subjects, pa- 
tients with CHF developed significant sympathoexcita- 
tion during the cold pressor stimulus, manifested by an 
increase in muscle sympathetic nerve burst frequency 
(60 + 7 to 67 + 7 bursts/min, p <0.01) and total 


Right Atrial 
Pressure 
(mmHg) 

12 


MSNA 
(units/100hb) 
1400 





FIGURE 1. Hemodynamic and muscle sympathetic nerve activity (MSNA) responses of normal subjects to the cold pressor test 
(CPT). The cold pressor stimulus produced significant increases in arterial pressures, heart rate and muscle sympathetic nerve 
activity. Values are the average of 2 minutes of control (C) and cold pressor test periods, expressed as mean + standard error of 


the mean. bpm = beats/min; hb = heart beats. 
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FIGURE 2. Experimental recordings from a normal subject before (Control) and during the cold pressor test. In this subject, 
hand immersion in ice water produced increases in muscle sympathetic nerve activity (MSNA). SAP = systolic arterial pressure; 
MAP = mean arterial pressure; RAP = right atrial pressure; HR = heart rate; hb = heart beats. 
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integrated nerve activity (818 + 159 to 1,015 + 191 U, 
p <0.001). Similarly, the heart rate-corrected level of 
nerve activity also increased significantly (1,008 + 178 
to 1,173 + 201 U/100 heart beats, p <0.01). Figure 4 
presents portions of experimental recordings of hemo- 
dynamics and sympathetic nerve activity obtained from 
a patient with CHF during the control period and dur- 
ing the second minute of the cold pressor stimulus. 
Comparison of responses of normal subjects and 
patients with heart failure: Figure 5 presents detailed 
minute-by-minute comparisons of the responses of nor- 
mal subjects and patients with CHF during experimen- 
tal periods. Control arterial pressures were similar in 
both groups, whereas the CHF patients had significant- 
ly higher control heart rates and muscle sympathetic 
nerve activity. During the cold pressor test, both normal 
subjects and patients with CHF demonstrated signifi- 
cant increases in systolic and mean arterial pressures, 
heart rate and muscle sympathetic nerve activity. In 
both groups, mean arterial pressures peaked during the 
second minute of the cold pressor test, although the 
magnitude of increase was less in patients with CHF. 
Similarly, systolic arterial pressure increased signifi- 
cantly only during the second minute in patients with 
CHF, whereas significant increases in systolic arterial 
pressure were demonstrated during both the first and 
second minutes in normal subjects. Normal subjects 





Mean Arterial 
Pressure Heart Rate 
(mmHg) (bpm) 
150 100 * 
75 50 
0 0 
Cc CPT Cc CPT 
MSNA MSNA 
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100 1400 


Right Atrial Pulmonary Artery 
Pressure Diastolic Pressure 
(mmHg) (mmHg) 
12 36 
* 
* 
6 18 
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MSNA 
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were observed to have a peak heart rate response dur- 
ing the first minute of ice water immersion, and pa- 
tients with CHF demonstrated a maximal increase in 
heart rate during the second minute of the cold pressor 
test. Sympathetic nerve activity responses in both nor- 
mal subjects and subjects with heart failure increased 
during the first minute of the cold pressor test and 
peaked during the second minute, with values returning 
toward baseline during recovery periods. 

In patients with CHF, significant correlations were 
observed between changes in muscle sympathetic nerve 
activity (expressed as percent change in units per 100 
heart beats) and absolute change in systolic (r = 0.65, 
p <0.05) and diastolic (r = 0.71, p <0.05) arterial 
pressures during the second minute of the cold pressor 
stimulus. A more modest relation was seen between 
sympathetic activity and mean arterial pressure (r = 
0.56, p = 0.09). No significant correlation was ob- 
served during this time period between sympathetic ac- 
tivity and heart rate (r = 0.21, p = 0.58). In addition, 
we observed no correlation between sympathetic activi- 
ty and systolic, diastolic or mean arterial pressure or 
heart rate during the first minute of the cold pressor 
test in patients with CHF. 

Relation between baseline sympathetic nerve activ- 
ity and the magnitude of sympathoexcitation during 
cold pressor stimulus in patients with heart failure: 










FIGURE 3. Hemodynamic and muscle sympathetic nerve activity (MSNA) responses of patients with heart failure (n = 10) to the 
cold pressor test (CPT). The cold pressor stimulus produced significant increases in mean arterial pressure, heart rate, right 
atrial pressure, pulmonary artery diastolic pressure, and muscle sympathetic nerve activity. The increase in muscle sympathetic 
nerve activity was demonstrated by significant increases in burst frequency, total integrated activity, and activity corrected for 
corresponding changes in heart rate. Values are the average of 2 minutes of control (C) and cold pressor test periods, expressed 
as mean + standard error of the mean. bpm = beats/min; hb = heart beats. 
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The magnitude of increase in sympathetic nerve activi- 
ty of patients with CHF during the cold pressor test did 
not appear to be related to the level of resting control 
activity. When expressed as percent change in sympa- 
thetic activity versus control activity, the response dur- 





ing hand immersion in ice water correlated poorly 
whether expressed as burst frequency (r = —0.57, p = 
0.08), total activity (r = —0.48, p = 0.15), or total 
activity corrected for accompanying changes in heart 
rate (r = —0.46, p = 0.18). Similarly, no relation be- 
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FIGURE 4. Experimental recordings from a patient with heart failure before (Control) and during the cold pressor test. In this 
patient, hand immersion in ice water produced increases in systolic (SAP) and mean (MAP) arterial pressures, heart rate (HR) 
and pulmonary artery pressures (PAP), with minimal change in right atrial pressure (RAP). Hand immersion in ice water in this 

produced increases in muscle sympathetic nerve activity (MSNA) that were not related to the increase in heart rate, as 
demonstrated by the increase in muscle sympathetic nerve activity when corrected for corresponding increase in heart beats 
(hb). 
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FIGURE 5. Comparisons of minute-by-minute responses of normal subjects and patients with heart failure during 2 minutes of 
control (C), cold pressor test (CPT) and recovery (R) periods. During the cold pressor test, both normal subjects and patients 
with heart failure had significant increases in systolic and mean arterial pressures, heart rate and muscle sympathetic nerve ac- 
tivity (MSNA). In both groups, muscle sympathetic nerve activity increased during the first minute of the cold pressor test 
(CPT,), peaked during the second minute, and returned to control during recovery periods. Values are mean + standard error of 
the mean. 
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tween control sympathetic activity and cold pressor re- 
sponse was seen in normal subjects. 


DISCUSSION 

In these studies, we used direct intraneural record- 
ings of efferent sympathetic nerve activity to muscle 
to examine the potential of patients with moderate 
CHF to respond to a non-baroreflex sympathoexcita- 
tory stimulus. From these experiments, we conclude: 
(1) patients with CHF have preserved capacity for 
sympathoexcitation despite markedly elevated levels of 
resting sympathetic nerve activity; (2) the increase in 
muscle sympathetic neural activity during the cold 
pressor stimulus in patients with CHF correlates with 
corresponding increases in arterial pressure only during 
the second minute of the stimulus; and (3) the magni- 
tude of sympathetic responsiveness during the cold 
pressor stimulus in patients with CHF did not correlate 
with the baseline sympathetic nerve activity. 

Prior studies of responses to the cold pressor test 
in normal subjects: The cold pressor test has been used 
for >50 years to evaluate sympathetic neural mecha- 
nisms in human subjects. In healthy humans, the cold 
pressor test usually produces increases in arterial pres- 
sure, heart rate and vascular resistance.!?-2° Although 
considered to cause generalized sympathetic activation, 
the cold pressor stimulus produces inconsistent and 
minimal increases in circulating plasma norepinephrine; 
there appears to be little correlation between increases 
in arterial pressure and increases in norepinephrine.?!?? 
Recognizing the limitations of changes in plasma cate- 
cholamine to accurately reflect efferent sympathetic 
neural activity alone, Victor et al’? demonstrated in- 
creases in efferent sympathetic nerve activity during the 
cold pressor stimulus in normal subjects. However, 
these studies indicated that measurement of plasma 
catecholamines alone markedly underestimated sympa- 
thetic neural responses to this stimulus. 

Studies of cold pressor responses in patients with 
heart failure: The small number of prior studies of cold 
pressor responses in patients with CHF have been limit- 
ed by utilization of indirect measures of sympathetic 
activation, shorter periods of stimulus, and examination 
of patients taking medications known to alter neural 
control mechanisms (e.g., digitalis). Not surprisingly, 
these prior studies have yielded conflicting results. 

Prida et al!! studied 9 patients with NYHA class 
III to IV CHF who were treated with digitalis therapy 
and noted that 60 seconds of hand immersion in ice 
water produced no significant change in arterial pres- 
sure or heart rate. Imaizumi et al!* examined 8 patients 
with class III to IV CHF being treated with digitalis 
and noted an increase in arterial pressure and forearm 
vascular resistance after 45 seconds of the cold pressor 


stimulus. The forearm vascular responses in patients 
were similar to those observed in normal subjects. 
Cody!° examined responses of 8 patients with class III 
to IV CHF treated with digitalis and noted marked 
blunting of heart rate and blood pressure responses to 
60 seconds of cold pressor stimulus compared with age- 
matched normal subjects. Findlay et al!’ examined ra- 
dionuclide left ventricular ejection fraction during 150 
seconds of hand immersion in ice water in 10 patients 
with CHF receiving digitalis and in 10 normal subjects. 
The CHF patients demonstrated an impaired hemody- 
namic response and a significant decrease in left ven- 
tricular ejection fraction after 2.5 minutes of hand im- 
mersion in ice water. 

The present studies avoid many of the limitations of 
these prior investigations. In the present studies, digital- 
is glycosides and other medications that might alter 
neural control mechanisms had been discontinued. In 
addition, the cold pressor stimulus was applied for 120 
seconds, a time period sufficient to allow for anticipated 
changes in hemodynamics and sympathetic nerve activ- 
ity based on prior detailed studies in normal subjects.?° 
Most important, in contrast to all prior studies of CHF 
patients, efferent sympathetic responses were measured 
directly with the technique of microneurography. 

The present studies clearly demonstrate that pa- 
tients with heart failure have a preserved capacity 
for sympathoexcitation in response to a non-baroreflex 
stimulus such as the cold pressor test. These CHF pa- 
tients demonstrated a blunted pressor response com- 
pared with normal control subjects during ice water 
hand immersion. This blunted response is likely due to 
diminished ability to increase cardiac output or to im- 
paired vasoconstriction, or both. A significant correla- 
tion was observed between changes in muscle sympa- 
thetic nerve activity and changes in systolic and diastol- 
ic arterial pressures only during the second minute of 
the cold pressor stimulus. Changes in heart rate were 
not observed to correlate with changes in sympathetic 
neural activity during either minute of the stimulus. 
These findings emphasize the importance of stimulus 
duration on interpretation of neurogenic responses to 
the cold pressor stimulus. 

Finally, the present study suggests that the magni- 
tude of baseline sympathoexcitation is not related to the 
magnitude of increase in sympathetic activity during 
the cold pressor test. In contrast, several prior studies 
have suggested that patients with CHF show progres- 
sively attenuated responses to a variety of stimuli as 
the magnitude of their resting sympathoexcitation in- 
creases. Colluci et al? demonstrated a significant in- 
verse correlation between resting plasma norepineph- 
rine and heart rate response to exercise in CHF pa- 
tients. Francis et al?> demonstrated that plasma nor- 
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epinephrine was inversely correlated with peak exer- 
cise Oxygen consumption in CHF patients. Kubo and 
Cody’ and Levine et al?” found that abnormal hemo- 
dynamic and plasma norepinephrine responses to ortho- 
static stress were related to the severity of heart fail- 
ure in similar patients. However, none of these prior 
studies demonstrated strong correlations between rest- 
ing sympathoexcitation and sympathetic responses to a 
stimulus. 

The explanation for the lack of a relation between 
baseline sympathetic activity and magnitude of re- 
sponse during the cold pressor stimulus in the present 
studies and the suggestion of a correlation in other 
studies is not clear. In the other studies, generalized 
sympathetic responses were interpreted by changes in 
plasma norepinephrine. In contrast, we directly exam- 
ined nerve traffic responses during the cold pressor 
stimulus. It is also possible that current methods for 
assessment of sympathetic neuroeffector responses in 
human subjects may not be sufficiently quantitative to 
permit discrimination of response magnitude at the 
higher ends of the response curve. 

Potential limitations: Several potential limitations 
are recognized in the interpretation of these studies. 
First, the CHF patients were older than the normal 
subjects. While aging is associated with increases in 
sympathetic nervous system activity, prior studies in 
our laboratory have clearly indicated that CHF pa- 
tients have greatly increased sympathetic activity com- 
pared with that in age-matched normal control sub- 
jects.*6 Furthermore, no correlation was observed be- 
tween the age of the present CHF patients and the 
magnitude of their sympathetic neural response to the 
cold pressor stimulus. Second, the possibility was con- 
sidered that the small increase in cardiac filling pres- 
sures observed in CHF patients during the cold pressor 
stimulus might have attenuated the sympathetic re- 
sponse in some patients through activation of inhibitory 
cardiopulmonary afferents. However, no relation was 
observed between cardiac filling pressures and the neu- 
ral responses to the cold pressor stimulus. A third po- 
tential limitation is the assessment of sympathetic neu- 
ral responses from only | site. Although it is known 
that differences exist in the neural control of various 
tissues and vascular beds,'®!’ it has been previous- 
ly shown that spontaneously occurring fluctuations in 
sympathetic nerve activity to muscle are similar in dif- 
ferent extremity sites.” In the present studies, all in- 
traindividual sympathetic neural responses were com- 
pared with a stable control recording of muscle sym- 
pathetic nerve activity. Thus, although we cannot gen- 
eralize to total or other organ-specific sympathetic re- 
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sponses, these intraindividual comparisons of peroneal 
sympathetic nerve activity remain valid. Finally, plas- 
ma norepinephrine levels were not measured during 
these studies because prior studies in normal subjects 
have suggested that changes in circulating norepineph- 
rine are not accurate markers of sympathetic respon- 
siveness during the cold pressor test. 
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Bedside Diagnosis of Preserved Versus 


impaired Left Ventricular Systolic 
Function in Heart Failure 


Jalal K. Ghali, MD, Sunil Kadakia, MD, Richard S. Cooper, MD, 
and Youlian Liao, MD 


The importance of recognizing symptomatic 
heart failure with preserved left ventricular (LV) 
systolic function has only recently been appreci- 
ated. To determine its frequency and identify 
clinical features that make the bedside diagnosis 
likely, 82 patients admitted for decompensated 
heart failure were classified into 2 groups based 
on their LV systolic performance, as defined by 
fractional shortening (FS): group I (n = 59), with 
impaired systolic function (fractional shortening 
<24%), and group Il (n = 23) with preserved 
systolic function (fractional shortening >24%). 
Mean fractional shortening was 15 + 5% and 39 
+ 1% for groups I and Il, respectively. Female 
gender (p <0.05), obesity (p <0.01) and diastolic 
blood pressure > 105 mm Hg (p <0.05) predomi- 
nated in group Il. Jugular venous distention was 
identified more frequently in group I (p <0.05). 
No statistically significant difference between the 
2 groups was noted among various demographic 
variables (age, duration of symptoms, history of 
hypertension, ischemic heart disease and heavy 
alcohol drinking) or physical findings (S3 gallop, 
edema, cardiomegaly, pulmonary congestion and 
pulmonary edema). Echocardiographic mean left 
ventricular dimension measured 6.6 + 1 versus 
5.0 + 1 cm (p <0.01) and mean posterior wall 
thickness 1.1 + 0.3 versus 1.4 + 0.4 cm (p 
<0.01) in group I and Il, respectively. The com- 
bination of diastolic blood pressure >105 mm 
Hg and an absence of jugular venous distention 
had a high specificity and positive predictive val- 
ue (100%) for identifying group Il patients. It is 
concluded that, of 82 consecutive patients with 
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symptomatic heart failure admitted to a city hos- 
pital, a sizeable portion (28%) have preserved 
systolic function. The combination of diastolic 
blood pressure > 105 mm Hg and the absence of 
jugular venous distention has high specificity and 
positive predictive value in identifying heart fail- 
ure with preserved systolic performance. 

(Am J Cardiol 1991;67:1002-1006) 


ppreciation of the distinctions between and 
A" independent contributions of systolic and 

diastolic left ventricular (LV) dysfunction to 
symptomatic heart failure has only recently been em- 
phasized.!-6 Although diuretics may be useful in the 
acute and long-term management of patients with ei- 
ther systolic or diastolic LV dysfunction, digitalis glyco- 
sides and vasodilators are expected to produce benefi- 
cial effects only when systolic function is impaired and, 
indeed, these agents may be deleterious in the presence 
of diastolic LV dysfunction. In addition, the prognosis 
of the 2 groups—1 with systolic, | with diastolic dys- 
function—may diverge, with patients having preserved 
systolic function faring much better.’ 

Several investigators have attempted to assess the 
usefulness of bedside evaluation in predicting LV sys- 
tolic function.*-' No previous studies, however, have 
evaluated consecutively hospitalized patients with heart 
failure. In addition, some studies were restricted to pa- 
tients with either acute or chronic coronary artery dis- 
ease. This study identifies and examines the clinical 
characteristics of consecutively hospitalized patients 
with symptomatic heart failure, determines the fre- 
quency of preserved systolic function, and identifies 
clinical features that favor the bedside diagnosis of 
heart failure with preserved systolic function. 


METHODS 

All patients admitted to the medical ward of the 
Cook County Hospital with the primary diagnosis of 
heart failure during a 10-week period in 1984 were 


‘valuated. The study sample consisted of 50 male and 
32 female black patients: 59 had impaired systolic dys- 
unction (group I) and 23 had preserved systolic func- 
ion (group II). Study enrollment was based on the 
yresence of =2 major criteria (paroxysmal nocturnal 
lyspnea, jugular venous distention, basilar rales that 
lid not clear with cough and an S, gallop) or the pres- 
nce of 1 of these major criteria together with clinical 
‘vidence of 2 minor criteria (peripheral edema, dyspnea 
ym exertion and fatigability at a low level of exertion). 
During the study period, 101 patients fulfilled the 
iforementioned criteria. Jugular venous distention was 
sresent when the upper level of pulsation was >5 cm 
ibove the sternal angle in the 45° position. Blood pres- 
sure was determined with a mercury sphygmomanom- 
ster and standard methods, where diastolic pressure 
was taken as the level at which Korotkoff sounds disap- 
sared. Patients were considered hypertensive if they 
yrovided a history of hypertension that necessitated 
therapy with antihypertensive medications or if they 
presented with a blood pressure 2160/100 mm Hg. 
Coronary artery disease was defined either by a history 
of electrocardiographically or enzyme-proven myocar- 
jial infarction, or both, or by the presence of significant 
stenosis (=70% diameter narrowing) of 21 major ar- 
tery on coronary arteriography. Obesity was defined 
before discharge as 230% of ideal body weight. 

Posteroanterior chest x-rays were obtained for all 
patients. Cardiomegaly was defined as a cardiothoracic 
ratio >50%. M-mode echocardiograms were derived 
from 2-dimensional images, and parasternal long- and 
short-axis and apical 4- and 2-chamber views were ex- 
amined. All chamber dimensions were obtained with 
cursor-derived M-mode tracings at end diastole and 
end systole with 2.5-MHz transducers in accordance 
with the guidelines of the American Society of Echo- 
cardiography. 

Systolic LV dysfunction was defined as echocardio- 
graphic fractional shortening <24%: FS% = LVEDID 
— LVESID/LVEDID X 100, where FS is fractional 
shortening, LVEDID is left ventricular end-diastolic in- 
ternal dimension and LVESID is left ventricular end- 
systolic internal dimension. Pulmonary hypertension 
was estimated from the Doppler pulmonary flow veloci- 
ty curve.'3 The time measured from valve opening to 
peak pulmonary velocity (TPY ) was related to the right 
ventricular ejection time (RVET) as defined by the 
time measured from onset to termination of the systolic 
pulmonary flow: values of TPV/RVET 0.30 were 
classified as pulmonary hypertension. Mitral regurgita- 
tion was identified by pulsed Doppler and graded ac- 
cording to the extent of the systolic turbulent flow with- 
in the left atrium. High-quality echocardiographic and 


TABLE I Demographic Characteristics 


(yrs, mean + SD) 
Duration of symptoms 
(yrs. mean + SD) 
Hypertension* (n) [%] 

Coronary artery 
diseaset (n) [%] 
Obesity* (n) [%] 
Cigarette 
smoking (n) [%] 
Heavy alcohol drinking 
(n) [%] 


Renal disease (n) [%] 


Impaired 
Systolic 
Function 
Group | 
(n= 59) 


40/19 
60+ 14 


4.2+3.5 


(43) [73] 
(12) [20] 


(19) [32] 


(25) [42] 
(12) [20] 


(6) [10] 


Preserved 


Systolic 
Function 
Group II 
(n = 23) 


10/13 
60+ 11 


4644.2 


(17) [64] 
(3) [13] 


(16) [70] 


(5) [22] 
(1) [4] 


(6) [26] 


p Value 


* History of hypertension necessitating antihypertensive therapy or blood pressure 
= 160/100. 

t History of proven myocardial infarction or 270% narrowing in 21 major coro- 
nary artery. 

t >30% ideal body weight. 

SD = standard deviation, NS = difference not significant. 





Doppler studies were available for the 82 patients who 
constituted the study cohort. All echocardiograms were 
interpreted by 1 echocardiographer blinded to patients’ 
clinical characteristics. 

Gated equilibrium radionuclide ventriculography 
was performed in 32 patients in the supine position with 
the injection of 15 mg/kg of stannous pyrophosphate as 
a bolus, followed by 15 mCi of technetium-99m per- 
technetate. LV ejection fraction was calculated by a 
standard count-based method from the time activity 
curve in the 45° left anterior oblique view. Systolic LV 
dysfunction was defined as an ejection fraction of 
<45%. Despite the inherent limitations of using ejec- 
tion phase indexes to evaluate LV systolic function, 
these widely used and accepted means effectively sepa- 
rate normal patients from those with clear-cut LV 
myocardial disease. !*!> 

Statistical analysis: Chi-square and ź tests were 
used to compare 2 sample proportions and their means 
for patients with impaired and preserved systolic func- 
tion, respectively. The independent association of select- 
ed clinical variables with preserved systolic function was 
examined by logistic regression analyses. Only variables 
with p values <0.10 for the logistic coefficient in uni- 
variate analysis were included in the final multiple lo- 
gistic model. 


RESULTS 

The clinical profile of the 2 groups is summarized in 
Table I. As anticipated, two-thirds of both groups had 
a history of hypertension. Of particular note was the 
preponderance of obesity in group II. Coronary artery 
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disease was present in 12 of 59 (20%) and 3 of 23 
(13%) of group I and II patients, respectively. Because 
coronary arteriography was not available for most pa- 
tients, the presence of coronary artery disease is likely 
to have been underestimated. 

Objective findings in the 2 groups are listed in Table 
II. Jugular venous distention was seen significantly 
more frequently in group I patients, whereas a diastolic 
blood pressure 2105 mm Hg was encountered more 
often in group II patients. Cardiomegaly, peripheral 
edema, S, gallops, pulmonary congestion and pulmo- 
nary edema were present equally in both groups. There 


TABLE Il Objective Findings 


Preserved 
Systolic 
Function 
Group II 
(n = 23) 


Impaired 
Systolic 
Function 
Group | 
(n = 59) 


n (%) n (%) 


Jugular venous 42 (71) 
distention 
S3 49 (83) 
Edema 56 (95) 
Systolic BP = 160 16 (28) 
Diastolic BP 2105 18 (30) 
Cardiomegaly 59 (100) 
Pulmonary 54 (92) 
congestion 
Pulmonary edema 5 (8) 
Electrocardiographic 17 (29) 
LV hypertrophy 
Radionuclide ejection [25] 
fraction (%) [n] 


* Mean + standard deviation. 
BP = blood pressure; LV = left ventricular; NS = difference not significant. 


26+10* [7] 





TABLE Ill Echocardiographic Findings* 


Preserved 
Systolic 
Function— 
Group II 

(n = 23) 


9.0 + 1.0 


Impaired 
Systolic 
Function— 
Group | 

(n = 59) 


End-diastolic 
internal dimension 
(cm) 

End-systolic 
internal dimension 
(cm) 

Posterior wall 
thickness (cm) 

Interventricular 
septal thickness 
(cm) 

Left atrial 
dimension (cm) 

Fractional 
shortening (%) 


* Values are mean + standard deviation. 
NS = difference not significant. 


3.0+0.9 


1440.4 


1.5+0.5 


4440.8 


39+ 13.1 
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were no significant differences between the 2 groups in 
the finding of electrocardiographic LV hypertrophy de- 
fined by criteria (voltage included), according to a com- 
puter program (Marquette Electronics, Marquette An- 
alytic Program 1984). Equilibrium radionuclide car- 
dioangiography was performed in 25 group I patients 
(mean ejection fraction, 26%) and in 7 group II pa- 
tients (mean ejection fraction, 66%). 

Echocardiographic and Doppler findings are sum- 
marized in Tables III and IV, respectively. Group II 
patients had thicker interventricular septum and poste- 
rior walls and a smaller left ventricle. Severe mitral re- 
gurgitation was present in only 2 group I patients and 
was absent in group II (Table IV). Pulmonary hyper- 
tension was detected in a significantly larger number of 
group I than group II patients. 

Logistic regression analyses were performed to ex- 
amine the relations between selected demographic and 
clinical variables (age, sex, obesity, current cigarette 
smoking, drinking, diastolic blood pressure =105 mm 
Hg, jugular venous distention, S3 gallop, and LV hy- 
pertrophy on electrocardiogram) to systolic function. In 
the univariate analyses, p values for logistic coefficients 
were <0.10 for sex, obesity, smoking, diastolic blood 
pressure 2105 mm Hg, jugular venous distention and 
S; gallop; they were therefore included in the multivari- 
ate logistic analyses. Smoking (odds ratio, 0.17; 95% 
confidence interval, 0.04 to 0.82) and jugular venous 
distension (0.18; 0.04 to 0.76) were inversely related 


TABLE IV Doppler Findings 


Doppler pulmonary 
hypertension 
Mitral regurgitation 
Absent 
Trace to mild 
Moderate 
Severe 


Impaired 
Systolic 
Function— 
Group | 


(%) 


Preserved 
Systolic 
Function— 
Group II 


n (%) 


TABLE V Prediction of Preserved Systolic Left Ventricular 


Function 
Criteria 
Sensitivity 
Specificity 


Positive predictive value 
Negative predictive value 


Criteria | = diastolic blood pressure 2105 mm Hg. 
Criteria I| = absence of jugular venous distention. 








and diastolic blood pressure 2105 mm Hg (7.19; 1.45 
to 35.5) was positively related to preserved systolic 
function (p <0.05). 


DISCUSSION 

This study of patients presenting with heart failure 
confirms the presence of a significant proportion (23 of 
82) (28%) who maintain preserved systolic function 
and identifies 2 simple bedside signs that help to distin- 
guish those patients. Jugular venous distention was 
identified more often in group I (42 of 59) (71%) than 
in group II (11 of 23) (48%). A diastolic blood pressure 
> 105 mm Hg was recorded in 18 of 59 (30%) of group 
I, compared with 14 of 23 (61%) of group II. 

Although the sensitivity of the 2 signs—diastolic 
blood pressure 2105 mm Hg and the absence of jugu- 
lar venous distention—was limited (30%) in identifying 
patients with clinical heart failure and preserved systol- 
ic function, specificity and positive predictive value ap- 
proached 100% (Table V). Identification of this condi- 
tion has important clinical implications. Therapeuti- 
cally, a beneficial effect of digitalis should not be antici- 
pated in treating patients with heart failure and pre- 
served LV systolic function. Some vasodilators may 
prove to be deleterious, and the use of diuretics is 
fraught with the danger of overdiuresis resulting in a 
low-output state. !!7 

Hypertension is a major contributor to diastolic dys- 
function.!8 Prolongation of LV relaxation time or re- 
duced LV distensibility, or both, may be implicated. It 
is therefore not surprising that a high diastolic pressure 
was identified more frequently in group II patients. It 
should be noted, however, that a higher prevalence and 
a more severe or sustained form of hypertension among 
slacks!’ could potentially result in a disproportionately 
arger contribution to diastolic dysfunction in this pa- 
jent population. 

The predominance of jugular venous distention in 
zroup I may be explained by a greater propensity for 
‘ight ventricular involvement. Because disease processes 
hat involve both ventricles (dilated cardiomyopathy, 
>xtensive myocardial infarction) are more likely to 
>ause impaired LV systolic performance, right ventricu- 
ar dysfunction may serve as a marker for heart failure 
with impaired LV systolic function. On the contrary, 
sonditions such as hypertension? or ischemia?! may 
»onfine their effects to a greater extent to the left ven- 
ricle; hence, jugular venous distention would less likely 
ye detected in heart failure with preserved LV systolic 
erformance. The observation that pulmonary hyper- 
ension was noted more frequently in group I patients 
night be explained by differences in the speed of recov- 


ery between the 2 groups. Conditions that lead to heart 
failure with preserved LV systolic function are probably 
associated with increased chamber stiffness. It is there- 
fore possible that resolution of pulmonary congestion 
and reduction of LV filling pressures were achieved 
more quickly in group II patients because of leftward 
displacement of their LV diastolic pressure-volume 
curve, so that by the time the echo Doppler studies 
were done, a differential finding was obtained. 

Two demographic characteristics differed signifi- 
cantly between the 2 groups. Obesity was twice as prev- 
alent among group II patients—a finding that may be 
relevant to the increase in LV wall thickness that occurs 
with obesity, which contributes to diastolic dysfunc- 
tion.2*?3 Male sex, on the other hand, was identified 
more frequently in group I, which may be related to 
the high proportion of dilated cardiomyopathy among 
group I patients. It is also interesting to note that the 
higher female to male ratio (1:3) among patients with 
heart failure and preserved systolic function has been a 
constant finding in previous studies,'!*4© which sug- 
gests the potential existence of gender-related difference 
in the type of underlying LV dysfunction. It appears 
that in patients presenting clinically with heart failure, 
preserved systolic LV function is more prevalent among 
women, whereas impaired systolic LV function is more 
prevalent among men. 

A review of previous studies that attempted to assess 
LV function clinically as well as those that addressed 
heart failure with preserved versus impaired LV systolic 
function reveals a strong trend for an association be- 
tween hypertension and preserved LV systolic func- 
tion!->5? and for jugular venous distention and im- 
paired!2610 LV systolic function. Thus, our data 
should improve the clinician’s ability to identify patients 
with heart failure and preserved LV function and to 
further our understanding of the syndrome of heart 
failure. Therapeutically, these data may prove to be 
most useful in avoiding potentially catastrophic conse- 
quences of overdiuresis in cases of decompensated heart 
failure for which noninvasive means of assessing LV 
function are not readily available. 
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VALVULAR HEART DISEASE 


Determination of Severity of Valvular Aortic 
Stenosis by Doppler Echocardiography and 
Relation of Findings to Clinical Outcome and 
Agreement with Hemodynamic Measurements 
Determined at Cardiac Catheterization 


Augusto Galan, MD, William A. Zoghbi, MD, and Miguel A. Quifiones, MD 





To determine the relation of Doppler findings to 
clinical outcome and the agreement between 
Doppler and cardiac catheterization in the as- 
sessment of aortic stenosis (AS) severity, 510 
consecutive patients with suspected AS studied 
in our laboratory were analyzed. Adequate echo- 
cardiographic and Doppler examinations were 
obtained in 498 patients or 98% of the popula- 
tion. Clinical data were available for analysis in 
497 patients. In 160 patients, Doppler demon- 
strated an aortic valve area <0.75 cm? or a peak 
jet velocity 24.5 m/s consistent with critical AS. 
In the subgroup with cardiac catheterization (n = 
105), Doppler was 97% accurate. Aortic valve 
replacement or balloon valvuloplasty was per- 
formed in 109 patients, 106 of whom were 
symptomatic. Noncritical AS was detected by 
Doppler in 327 patients, with 95% accuracy in 
the subgroup with cardiac catheterization (n = 
133). Aortic valve replacement was performed in 
15 patients with symptoms of AS and with valve 
areas assessed by Doppler to be between 0.76 
and 0.80 cm? or with peak jet velocities >3.5 m/ 
s. In 20 patients, aortic valve replacement was 
performed because of moderate to severe aortic 
regurgitation, and in 11 elderly (>70 years old) 
patients with valve areas between 0.80 and 1.0 
cm2, valve replacement was performed at the 
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time of coronary artery bypass surgery in an at- 
tempt to prevent the need for a repeat surgical 
procedure in the future. These observations al- 
low the following conclusions. In the symptomat- 
ic patient with critical or near critical AS by 
Doppler, cardiac catheterization does not provide 
additional information beyond that provided by 
Doppler. In these patients, the procedure could 
be limited to coronary arteriography when indi- 
cated. Likewise, the asymptomatic patient with 
noncritical AS by Doppler can be followed nonin- 
vasively without catheterization to monitor the 
progression of AS. In a subgroup of patients 
with noncritical AS by Doppler in whom symp- 
toms and physical findings suggest significant 
AS, cardiac catheterization may still be indicated 
to confirm or exclude the presence of significant 
stenosis. Overall, Doppler echocardiography is 
highly accurate in the assessment of AS severity 
and its use should allow for a more conservative 
application of cardiac catheterization in these 
patients. 

(Am J Cardiol 1991;67:1007-1012) 


alvular aortic stenosis (AS) in the era of rheu- 

\ / matic fever was frequently a companion to mi- 
tral valve disease. Today, AS is more often due 

to a congenital malformation of the valve or to sclerosis 
and calcification presenting much later in life. Because 
many conditions may stimulate the murmur and symp- 
toms of critical AS and the results of aortic valve re- 
placement are significantly better than the natural his- 
tory of the disease,! differentiation of critical AS from 
other conditions has been an increasingly common 
problem frequently requiring cardiac catheterization. In 
the past, most noninvasive techniques lacked the diag- 
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nostic accuracy required to replace cardiac catheteriza- 
tion in an individual patient.2-* Recent developments in 
Doppler ultrasound, however, have made it possible to 
determine the pressure gradient across a stenotic aortic 
valve and to estimate the aortic valve area with results 
that compare well with measurements at cardiac cathe- 
terization.°-'! If such results can be obtained routinely 
in clinical practice, there may not be a need to perform 
cardiac catheterization in every patient with AS. The 
present investigation represents a retrospective analysis 
of a large population of patients referred to our labora- 
tory for the evaluation of AS with the objective of de- 
termining the relation of the Doppler findings to the 
clinical outcome of the patients and the agreement be- 
tween Doppler and cardiac catheterization in the as- 
sessment of AS severity. 


METHODS 

The patient population comprised 510 consecutive 
patients (311 men and 199 women ranging in age from 
12 to 98 years old, mean + standard deviation 68) re- 
ferred to our echocardiography laboratory during a 4- 
year period for the evaluation of suspected AS. The 
following data were collected: symptoms at the time of 
evaluation, associated illnesses, results of the echocar- 
diographic study, results of cardiac catheterization (if 
performed within 2 months of the noninvasive investi- 
gation), and the type of therapy recommended (i.e., 
valve replacement, balloon valvuloplasty or medical 
treatment). 

Echocardiographic and Doppler measurements: A|| 
patients were studied with 2-dimensional, pulsed- and 
continuous-wave Doppler echocardiography. We used 
commercially available instruments and techniques pre- 
viously reported from our laboratory. All studies were 
performed by experienced technicians and interpreted 
by cardiologists with full training in echocardiography. 
The echocardiographic evaluation included an assess- 
ment of chamber size, valve thickening and mobility, 
and determination of left ventricular ejection fraction 
from multiple tomographic views with a previously vali- 
dated echocardiographic method. !? 

Recordings of the left ventricular outflow velocity 
were made with a 2.5-MHz pulsed Doppler/imaging 
transducer from the apical window by placement of a 
sample volume of 5 mm in length at the level of the 
aortic anulus, proximal to the aortic valve and just be- 
low the region of prestenotic acceleration.* Recordings 
of the stenotic jet velocity were attempted with a small 
2.0-MHz nonimaging, continuous-wave Doppler trans- 
ducer from the apical, subcostal, suprasternal and right 
parasternal windows, as previously described. Careful 
angulation of the transducer was required to obtain a 
clear high-pitch audio signal, as well as a spectral re- 
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cording of good quality with well-defined edges. The 
recording with the highest peak velocity was selected 
for analysis. 

The maximal instantaneous aortic valve gradient 
was determined from the peak velocity (V) of the ste- 
notic jet with the modified Bernoulli equation as 4V?. 
The cross-sectional area of the aortic anulus was de- 
rived from the anulus diameter measured in the para- 
sternal long-axis view, with the assumption of a circular 
geometry for the anulus, as previously described.’ Aor- 
tic valve area was calculated with the continuity equa- 
tion, previously validated in our laboratory, as aortic 
anulus cross-sectional area times peak velocity at the 
left ventricular outflow divided by the peak velocity of 
the stenotic jet.8 

Hemodynamic measurements: Cardiac catheteriza- 
tion was performed through the brachial or percutane- 
ous femoral approach. Pressures were measured with 
fluid-filled catheters and cardiac output was deter- 
mined with the thermodilution technique. Peak to peak 
and mean gradients were obtained by pull-back from 
the left ventricle to the aorta and the aortic valve area 
was derived with the Gorlin equation.!? Coronary angi- 
ography was performed in most of the patients. Aortic 
root angiography was performed in 52 patients suspect- 
ed of having significant aortic regurgitation. In our in- 
stitution, severity of aortic regurgitation is graded from 
| to 4+, with a modification of the method used by 
Hunt et al.!4 

Definition of aortic stenosis severity: An aortic 
valve area of <0.75 cm? by any test was considered 
indicative of critical AS.!516 In patients in whom valve 
area was not obtained by catheterization, severity of 
AS was graded on the basis of the peak to peak gradi- 
ent. AS was defined as critical if the peak to peak gra- 
dient was >50 mm Hg,!>!6 or >60 mm Hg in patients 
with moderate or severe aortic regurgitation by angi- 
ography. 


RESULTS 

Of the 510 patients studied, 498 or 98% had ade- 
quate echo-Doppler examinations from which a maxi- 
mal gradient could be derived. Echocardiographic evi- 
dence of aortic valve thickening or calcification was 
present in all the patients. The aortic valve area was not 
measured in 31 patients because the peak velocity of 
the stenotic jet by continuous-wave Doppler was 2.5 
m/s (maximal instantaneous gradient <25 mm Hg), 
well within the range of noncritical AS, nor was it mea- 
sured in 6 patients with a peak velocity >4.5 m/s 
(maximal instantaneous gradient >81 mm Hg), well 
within the range of severe AS (see later). In 18 pa- 
tients, the valve area could not be determined because 
of difficulties in either obtaining an adequate image of 





the left ventricular outflow in the parasternal window 
(n = 10) or in recording an adequate outflow velocity 
(n = 8). Peak jet velocity in these 18 patients ranged 
from 3.0 to 4.2 m/s. An aortic valve area was deter- 
mined in all the patients with associated aortic regurgi- 
tation by Doppler. Ejection fraction determined by 
echocardiography averaged 57 + 13% (range 10 to 
75%) and was <35% in 19 patients, between 35 and 
50% in 38 and >50% in 181 patients. 

Comparison of peak velocity of the stenotic jet with 
the aortic valve area by the Doppler continuity equation 
in 443 patients (Table I) demonstrated that a peak ve- 
locity of 24.5 m/s was always associated with critical 
AS (i.e., valve area <0.75 cm). Peak velocities were 
>3.5 m/s in 93% of patients with critical AS and >4.0 
m/s in 25% and 1% of patients with moderate (valve 
area between 0.76 and 1.0 cm?) and mild (valve area 
>1.0 cm?) AS, respectively. A peak velocity <3.0 m/s 
was 100% specific for noncritical AS. 

Medical records were not available for analysis in 
13 ambulatory patients referred to our laboratory from 
an outside institution. Of the remaining 497 patients, 
264 underwent cardiac catheterization within 2 months 
of the echo-Doppler study (mean 9.3 + 8 days) (Fig- 
ure |). Sixteen patients had inadequate catheterization 
(i.e., the aortic valve could not be crossed) with ade- 
quate Doppler studies, 6 patients had inadequate Dopp- 
ler studies with adequate catheterization and 4 patients 
had both Doppler and catheterization studies inade- 
quate for evaluating the severity of AS. Therefore, in 
the patients that underwent both procedures, adequate 
Doppler and catheterization studies were obtained in 
96% and 92%, respectively. 

Relation of Doppler results to catheterization and 
treatment outcome: [n 160 patients, the Doppler exam- 
ination demonstrated an aortic valve area <0.75 cm? or 


510 PATIENTS 
INADEQ DOPPLER (12) 
2 


ADEQUATE DOPPLER (498) 


ADEQUATE CATH (244) 
INADEQUATE CATH (20) 


FIGURE 1. Distribution of patients into adequate and inade- 
a cate Caren ee 
cardiac catheterization (CATH). NO F/O = no follow-up. 





TABLE I Distribution of Peak Jet Velocity in Patients with 
Critical and Noncritical Aortic Stenosis Determined by Aortic 
Valve Area with the Doppler Continuity Equation 


Peak Jet 
Velocity (m/s) 


Critical 
AS 


54 (35%) 
68 (44%) 
22 (14%) 
10 (7%) 
0 


Noncritical AS 


AVA0.76-1.0 


(cm?) 


0 

28 (25%) 
38 (35%) 
17 (16%) 
26 (24%) 


AVA>1.0 
(cm?) 


0 

2 (1%) 
16 (9%) 
90 (50%) 
72 (40%) 


154 (100%) 109 (100%) 180 (100%) 


AS = aortic stenosis; AVA = aortic valve area. 


a peak jet velocity >4.5 m/s consistent with critical AS 
(Figure 2). Symptoms compatible with critical AS 
were present in 148 patients. Cardiac catheterization 
was performed in 117 patients, the aortic valve was 
crossed in 105 and critical AS was confirmed in 102 
patients (97%). The remaining 3 patients had peak 
to peak gradients between 40 and 50 mm Hg, with 
no valve area measured during catheterization. Aortic 
valve replacement and balloon valvuloplasty were per- 
formed in 93 and 16 patients, respectively. The decision 
for surgery was made in 14 patients on the basis of 
Doppler data alone, including 2 patients without cath- 
eterization in whom coronary artery disease was not 
suspected. 

Medical management was recommended in 51 of 
the 160 patients with critical AS by Doppler. In 41 
patients, medical therapy was recommended without 
catheterization for the following reasons: advanced age 
>75 years, with a generalized debilitated state in 35 
(representing 46% of patients with critical AS and age 


CRITICAL AORTIC STENOSIS BY DOPPLER 
(n = 160) 
NO CATH ADEQ CATH 
(43) (105)* 


AVR (93)/BALLOON VALV (16) 
(109) 









MEDICAL Rx (51) 
AGE >75 YR (35) 
ASYMPTOMATIC (9) 

MED CONTRAIND (6) 

PT REFUSAL (1) 











*CRITICAL AS BY CATH IN 102 PTS 






FIGURE 2. Distribution of patients with critical aortic stenosis 
by Doppler in relation to the use of cardiac catheterization 
(CATH) and type of therapy (Rx) recommended. ADEQ = ade- 
quate; AVR = aortic valve replacement; BALLOON VALV = 
balloon valvuloplasty; INAD = inadequate; MED CONTRAIND 
= medical contraindication. 
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>75 years), and coexistence of other serious medical 
contraindications to surgery or balloon valvuloplasty in 
6. In 10 patients, medical therapy was prescribed af- 
ter cardiac catheterization: 9 were asymptomatic (2 
without critical AS at catheterization) and 1 refused 
surgery. 

Noncritical AS was detected by Doppler in 327 pa- 
tients (Figure 3). Of these, 109 had an aortic valve area 
ranging from 0.76 to 1.0 cm?, 18 had a peak jet veloci- 
ty between 3 and 4.2 m/s without a valve area mea- 
surement and 200 had a valve area >1.0 cm? or a peak 
jet velocity <3.0 m/s. Cardiac catheterization was per- 
formed in 137 patients, the aortic valve was crossed in 
133 and noncritical AS was confirmed in 126 (95%). 
Fifteen patients underwent valve replacement for symp- 
tomatic AS, including the 4 with inadequate catheter- 
ization data. Doppler valve area measurements ranged 
from 0.76 to 0.80 cm?. Only 6 of 15 patients had criti- 
cal AS by catheterization; 4 of 6 with no valve area 
obtained by Doppler had peak jet velocities ranging 
from 3.6 to 4.2 m/s. The aortic valve was replaced in 
20 patients with associated moderate to severe regurgi- 
tation (2 without cardiac catheterization). In 11 elderly 
patients (age >70 years) with significant coronary ar- 
tery disease and “moderate” AS (valve areas between 
0.80 and 1.0 cm2), the aortic valve was replaced as 
part of coronary artery bypass surgery. Two hundred 
eighty-one asymptomatic patients were followed medi- 
cally, including 1 patient with a peak to peak gradient 
of 55 mm Hg by catheterization and a Doppler valve 
area of 0.86 cm?. 

In total, 139 patients underwent aortic valve re- 
placement. Aortic stenosis was the primary reason for 


NON CRITICAL AORTIC STENOSIS BY DOPPLER 
(n = 327) 
NO CATH ADEQ CATH INAD CATH 
(n = 190)* (n = 133)* (n = 4) 
























MEDICAL Rx AVR (n = 46) 
(n = 281) for AS (15) 
for AR (20) 


assoc with CABG (11) 


*CRITICAL AS BY CATH IN 7 PTS 


FIGURE 3. Distribution of patients with noncritical aortic ste- 
nosis (AS) by Doppler in relation to the use of cardiac cathe- 
terization (CATH) and type of therapy (Rx) recommended. AR 
= aortic regurgitation; assoc with CABG = associated with 
coronary artery bypass surgery; other abbreviations as in Fig- 
ure 2. 
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surgery in 108. In 20 patients, the decision for surgery 
was made on the basis of the noninvasive information. 
In the 238 patients with available Doppler and cathe- 
terization data, the overall agreement between the 2 
tests in distinguishing critical from noncritical AS was 
96%. Angiographic evidence of significant (>50% lu- 
minal diameter stenosis) coronary artery disease was 
observed in 52% of the 237 patients who underwent 
coronary angiography. 


DISCUSSION 

The present investigation represents a retrospective 
analysis of consecutive patients referred to our laborato- 
ry for evaluation of suspected AS over a 4-year period. 
Because in our institution echocardiography is used in 
virtually every patient with suspected valvular patholo- 
gy, this series is representative of patients with AS. The 
first important finding was the high frequency (98%) 
with which the stenotic jet velocity could be recorded 
by continuous-wave Doppler. This was similar to re- 
ports from other laboratories.”?~!!:'7 For a more accu- 
rate assessment of AS severity, the aortic valve area 
should be determined with the continuity equation, par- 
ticularly in patients with peak jet velocities between 3.0 
and 4.4 m/s (Table I). This was possible in 96% of the 
510 patients examined. Therefore, in an experienced 
laboratory, the severity of AS can be assessed by Dopp- 
ler in the vast majority of patients. In the rare instance 
where the stenotic jet velocity cannot be properly ob- 
tained, a relative prolongation of left ventricular ejec- 
tion time (i.e., ejection time 260 ms than predicted for 
the patient’s stroke volume) may be used as an alterna- 
tive method to detect critical AS—with a sensitivity of 
88% and a specificity of 89%.'8 

The most clinically relevant finding in this study 
was the excellent—96%—agreement between Doppler 
and catheterization in distinguishing critical from non- 
critical AS, with 0.75 cm? used as the cut-off value for 
aortic valve area and 50 mm Hg (or 60 mm Hg) in the 
presence of aortic regurgitation) used for the peak to 
peak gradient by catheterization. Although these cut- 
off values have been widely used clinically,!>:!%!%2° in 
an individual patient the degree of AS that can produce 
symptoms requiring surgical intervention may vary 
within a range of valve areas <1.0 cm?.!:!” However, in 
support of using a valve area of <0.75 cm? as indica- 
tive of critical AS was the observation that most of our 
patients (89%) with symptoms that required surgery or 
balloon valvuloplasty had valve areas below this cut-off 
value. The remaining 11% had valve areas assessed by 
Doppler to be between 0.76 and 0.80 cm? or, in the 
absence of a valve area measurement, a peak jet veloci- 
ty >3.5 m/s. 


TEM Es ad A E on = Se ees i i Gage 7 g = v is ee N À 


The results observed in this investigation serve as a 
basis for reevaluating the current role of cardiac cathe- 
terization in the management of patients with AS. In 
symptomatic patients with Doppler evidence of critical 
or near critical AS, cardiac catheterization did not add 
any information regarding severity of AS beyond that 
provided by Doppler. It is therefore safe to conclude 
that in these patients catheterization is not required or 
may be limited to coronary angiography for the exclu- 
sion of coronary artery disease when indicated. The 
present investigation was not designed to evaluate the 
benefits of adding coronary revascularization to valve 
replacement in patients with critical AS and associated 
coronary artery disease. However, if one believes in this 
practice, the observation of a 50% prevalence of coro- 
nary artery disease would support the routine use of 
coronary angiography in the appropriate age group of 
patients with AS. 

It is possible that in some patients with an aortic 
valve area >0.80 cm? by Doppler or a peak jet velocity 
<3.5 m/s, the clinical findings and symptoms may still 
suggest critical AS. In this case, cardiac catheterization 
may be indicated to resolve the discrepancy, to assess 
angiographically the severity of associated aortic regur- 
gitation if such were not possible by Doppler tech- 
niques,?! -23 or to look for other conditions that may 
produce similar symptoms. 

The prevalence of asymptomatic patients with criti- 
cal AS in our series was small— 12 of 160, or 8%. The 
aortic valve was replaced in 3 patients, all with cathe- 
terization findings in agreement with Doppler. None 
of the asymptomatic patients with noncritical AS by 
Doppler underwent valve replacement. The indications 
for aortic valve replacement in the asymptomatic pa- 
tient are not well established and require a careful eval- 
uation of the risk versus benefit ratio.! The use of cardi- 
ac catheterization to further document the critical na- 
ture of AS in this subgroup of patients is, in our view, 
justified. On the other hand, the asymptomatic patient 
with an aortic valve area >0.75 cm? can be followed 
serially by Doppler without catheterization to monitor 
the progression of the AS. 

Study limitations and potential sources of error: 
Frequent sources of error in the Doppler assessment of 
AS severity are: (1) improper recordings of the AS jet 
or ventricular outflow velocity, or both; (2) inaccurate 
measurement of the aortic anulus diameter; and (3) 
misinterpretation of a mitral regurgitant Doppler signal 
for an AS jet. All are caused primarily by inexperience 
and are carefully avoided in our laboratory. Neverthe- 
less, because of the frequent eccentric orientation of AS 
jets, a small angle between the jet and the ultrasound 
beam may be present, even when the recording appears 





to be of good quality. Thus, the inherent error of the 
technique is toward underestimation of the pressure 
gradient. This could account for some of the instances 
where AS was critical by catheterization and noncriti- 
cal by Doppler. 

The use of a pressure gradient without measure- 
ment of valve area to assess AS severity at catheteriza- 
tion introduces a potential source of error that may cre- 
ate discrepant results between the 2 procedures. Even 
though a peak to peak gradient 250 mm Hg appears 
to be a good marker for critical AS, there are situations 
where accounting for aortic flow and valve area may be 
essential. In low cardiac output states, the peak to peak 
gradient may underestimate the severity of AS where- 
as, in the presence of aortic regurgitation, the gradient 
may overestimate AS severity. Although the cut-off 
limit of the peak to peak gradient was raised to 60 mm 
Hg in patients with aortic regurgitation to account for 
the higher flow, this selection was made empirically 
and could certainly be subject to errors. Doppler, on the 
other hand, is ideally suited to evaluate the severity of 
AS in the presence of associated aortic regurgitation, 
because the continuity equation accounts for the total 
flow through the valve. Another potential source of dis- 
crepancy between Doppler and catheterization is that 
the 2 tests were not performed simultaneously. Because 
pressure gradients and, to a lesser extent, valve areas 
are flow-dependant, spontaneous changes in cardiac 
output and heart rate between the 2 procedures may 
have led to differences in results. 
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Reproducibility of Doppler Echocardiographic 
Quantification of Aortic and Mitral Valve 
Stenoses: Comparison Between Two 
Echocardiography Centers 
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Doppler echocardiography has been widely used 
as a noninvasive method to quantify valvular 
heart diseases. This study assessed the variabili- 
ty between 2 echocardiography centers concern- 
ing 2-dimensional and Doppler echocardiograph- 
ic results in the quantification of mitral and aor- 
tic valve stenoses. Forty-two patients were 
studied by 2 different echocardiography centers 
in a blinded, independent fashion. In patients 
with aortic and mitral valve stenosis, mean and 
maximal flow velocities were measured. The aor- 
tic valve orifice area was calculated according to 
the continuity equation. Mitral valve orifice area 
was determined by direct planimetry and by 
pressure half-time. In patients with an aortic 
valve stenosis, a close relation between the 2 
centers was found for the maximal and mean 
flow velocities (coefficient of correlation, r = 
0.72 to 0.92; coefficient of variation, 3.7 to 
7.7%). A close correlation and a small observer 
variability was found for the flow velocity ratio 
determined by flow velocities measured in the 
left ventricular outflow tract and over the stenot- 
ic valve (r = 0.88; coefficient of variation, 0.01 + 
0.009). In contrast, there was a poor correlation 
between the diameter of the left ventricular out- 
flow tract and the aortic orifice area (r = 0.36 
and 0.59, respectively). In patients with a mitral 
valve stenosis, mean and maximal velocities 
were closely correlated (r = 0.85 and 0.77, re- 
spectively). Velocities were not found to be sig- 
nificantly different between the 2 centers. Vari- 
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ability between the 2 centers for the mitral valve 
orifice area was 9.8% (2-dimensional echocardi- 
ography) and 5.7% (pressure half-time). These 
results underline the accuracy and excellent re- 
producibility of Doppler echocardiographic mea- 
surements in patients with aortic and mitral 
valve stenoses. In patients with an aortic valve 
stenosis, the flow velocity ratio is the most ob- 
server- and machine-independent parameter. 
(Am J Cardiol 1991;67:1013-1021) 


as a noninvasive method to quantify valvular 

heart disease.'~® In several studies, a close rela- 
tion between invasive and Doppler echocardiographic 
measurements was confirmed, particularly in the case 
of patients with aortic and mitral valve stenoses.’-!! A 
low intra- and interobserver variability, as well as a 
high reproducibility, of 2-dimensional and Doppler 
echocardiographic measurements could be observed 
when studies were performed in the same laborato- 
ry.>*°.9.!2-19 Thus, Doppler echocardiography has been 
recommended for guiding diagnostic and therapeutic 
strategies in patients with valvular heart disease.!42° 
However, patients are frequently examined by different 
laboratories. Surveillance of these patients is only rea- 
sonable when the results of different laboratories are 
comparable. Knowledge about the variability among 
different echocardiography laboratories is thus manda- 
tory. This study assesses the variability between the re- 
sults of Doppler echocardiographic quantifications of 
mitral and aortic valve stenoses undertaken at 2 differ- 
ent echocardiography centers. 


D oppler echocardiography has been widely used 


METHODS 

Patients: Twenty-one consecutive patients with a 
mitral valve stenosis and 21 consecutive patients with 
an aortic valve stenosis were studied by 2 different 
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TABLE I Doppler Echocardiographic Measurements in Patients with an Aortic Valve Stenosis 


LVOT Diam. 


V Max. (m/s) V Mean (m/s) 


Mean+SD 2042 1943 45408 4840.7 


Instant. Gradient (mm Hg) 


AOA (cm~?) 


33206 3.52406 84430 96229 512417 582419 06402 052402 


A = center of Freiburg; AOA = aortic valve orifice area calculated according to the continuity equation; B = center of Bad Krozingen; Instant. Gradient = instantaneous gradient 
measured over the valve; LVOT Diam. = diameter of the left ventricular outflow tract; Max. = maximal; SD = standard deviation; V = velocity measured over the valve. 


echocardiography centers in a blinded, independent 
fashion. Thirty-one women and 11 men (mean age 61.9 
+ 10.7 years [range 41 to 82]) were examined on 2 
consecutive days by echocardiography investigators at 
the Universitatsklinik Freiburg (center A) and at the 
Rehabilitationszentrum Bad Krozingen (center B). The 
geographic distance between the 2 centers is 25 km. 
Patients were informed about the aim of the study and 
asked to participate. To eliminate training effects dur- 
ing the study, echocardiographic results obtained from 
the patients in each center were kept separately until 
study completion and then analyzed. 

Doppler echocardiography: Doppler echocardio- 
graphic measurements were obtained with a commer- 
cially available pulsed- and continuous-wave Doppler 
(Toshiba [SSH 65A] or ATL [Ultramark 8], center A; 
Irex [Meridiane], center B). Three to 5 measurements 
were obtained for each parameter in patients with sinus 
rhythm, and 5 to 10 measurements for the flow veloci- 
ties in patients with atrial fibrillation. 

In patients with an aortic valve stenosis, mean and 
maximal flow velocities in the left ventricular outflow 
tract were obtained from the apical view. At the aortic 
level, mean and maximal flow velocities were measured 
from an apical, right parasternal and suprasternal win- 
dow. The maximal Doppler shift was used for the eval- 
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uation. Mean and maximal instantaneous pressure gra- 
dients over the aortic valve were calculated according to 
the modified Bernoulli equation.?! 

The diameter of the left ventricular outflow tract 
was measured from a parasternal long-axis view at 
midsystole (closed mitral valve) 0.5 to 1.0 cm below the 
aortic valve. The aortic orifice area was determined by 
the continuity equation.' In patients with a mitral valve 
stenosis, mean and maximal flow velocities over the mi- 
tral valve were obtained from the apical window, and 
mean and maximal instantaneous pressure gradients 
were calculated according to the modified Bernoulli 
equation. The mitral valve orifice area was determined 
by direct planimetry from a parasternal short-axis view 
and by Doppler echocardiography using pressure half- 
time. 

Statistical analysis: Statistical analyses were per- 
formed by the statistical institute of center B. Clinical 
and Doppler echocardiographic results were evaluated 
with the BMDP 6D computer program. Different pa- 
rameters were described by the minimal and maximal 
values as well as by mean + standard deviation. Stu- 
dent’s ¢ test was used to analyze paired data. The cor- 
relation of different parameters between the 2 echocar- 
diography centers was expressed by regression line, cor- 
relation coefficient, p value and standard error of esti- 


Tbn ataie aidh ee ee 


TABLE II Comparison of Two-Dimensional and Doppler Echocardiographic Parameters Between the Two Echocardiographic 


Centers in Patients with Aortic Valve Stenosis 
Parameter 


V2 max. (m/s) 
Max instant. 
gradient (mm Hg) 
V2 mean (m/s) 
Mean instant. 
gradient (mm Hg) 
V1 max. (m/s) 
V1 mean (m/s) 
Ratio 
V1 max. /V2 max. 
V1 mean/V2 mean 
LVOT diameter (mm) 
AOA (cm?) 
AOA* (cm?) 


Coefficient of Variation 


0.18+0.14 / 3.9 + 3.3% 
6.4+4.7 / 76+6.3% 


Regression Line 


y =0.84x + 1.03 
y =0.88x + 21.3 


y =0.94x + 0.39 
y= 1.01x + 6.1 


0.12401 / 3.743.1% 
3.7437 / 70+5.4% 


y =0.94x +0.11 
y =0.73x +0.21 


0.07 +0.05 / 7.4 + 5.4% 
0.05 +0.04 / 7.7 +7.0% 


y = 1.04x — 0.003 
y = 0.9x + 0.02 

y =0.5x + 9.03 

y =0.54x +0.21 
y = 1.03x — 0.007 


0.01 +0.009/ 6.0 6.1% 
0.01 + 0.009/ 7.0 6.2% 
LIEIS 3660% 
0.07 +0.07 /12.4 + 10.9% 
0.03 +0.03 / 6.06.1% 


AOA = aortic valve orifice area calculated according to the continuity equation; AOA* = aortic valve orifice area calculated according to the continuing equation with a constant left 
ventricular outflow tract diameter of 20 mm; LVOT = left ventricular outflow tract; Max. (mean) instant. gradient = maximal (mean) instantaneous gradient at the aortic valve level; 
SEE = standard error of the estimate; VI max. = maximal velocity measured at the left ventricular outflow tract; V2 max. = maximal velocity at the aortic valve level; V1 mean = 
mean velocity at the left ventricular outflow tract; V2 mean = mean velocity at the aortic valve level. 


mate. Interobserver variability is described by the coef- 
ficient of variation. 


RESULTS 

Quantification of aortic valve stenosis: Table | sum- 
marizes the Doppler echocardiographic measurements 
obtained at the 2 echocardiography centers for 21 pa- 
tients with aortic valve stenosis. Maximal flow velocity 
recordings were obtained at the 2 centers from an api- 
cal window in 14 patients and from a right parasternal 


mean (4)/ max. (@) velocity 
over the aortic valve 


@ y= 0.84x + 1.03 
r= 0.9, p< 0.001 
SEE= 0.33 m/s 


ea) 
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~ 
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a y= 0.94x + 0.39 
r= 0.92, p< 0.001 
SEE= 0.24 m/s 


center A 





window in 3 patients. The echocardiographic window 
was differently used at the 2 centers in 4 patients. The 
mean aortic orifice area was calculated, according to 
the continuity equation, as 0.61 + 0.23 in center A and 
as 0.54 + 0.21 in center B (difference not significant). 
The correlation between the 2 centers for maximal and 
mean flow velocities over the aortic valve was highly 
significant (Table II, Figure 1A). However, mean and 
maximal flow velocities were higher when measured at 
center B (p <0.001). The maximal and mean instanta- 


mean (4)/ max. (@) gradient 
over the aortic valve 


@ y= 0.88x + 21.3 
r= 0.92, p< 0.001 
SEE= 11.7 mmHg 


å y= 1.01x + 6.1 
r= 0.9, p< 0.001 


SEE= 8.7 mmHg 


center B 


center A 





FIGURE 1. Comparison between the 2 centers concerning the maximal (max.) and mean flow velocities (left) and the maximal 
(max.) and mean gradient (right) over the aortic valve. Center A = Universitatsklinik Freiburg; Center B = Rehabilitationszen- 


trum Bad Krozingen; SEE = standard error of the estimate. 
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neous gradients calculated at center B was correspond- 
ingly higher (Figure 1B). A close correlation between 
the 2 centers was found for the ratio of the maximal 
and mean flow velocities measured in the left ventricu- 
lar outflow tract and over the aortic valve (Figure 2). 
The diameter of the left ventricular outflow tract was 
calculated as 19.4 + 2.5 mm in women and 19.9 + 3.0 
mm in men (difference not significant). However, the 
diameters of the left ventricular outflow tract as calcu- 
lated at both centers correlated poorly (Figure 3). Aor- 


flow vwelocity quotient (mean a ;max. è ) 
w1 LVOT/ v2 jet-velocity 


@y= 1.04x - 0.003 
r= 0.88, p< 0.001 
SEE= 0.03 


A y= 0.9x + 0.02 
r= 0.87, p< 0.001 
SEE= 0.03 


[aa] 
thes 
v 
~ 
c 
v 
oO 


center A 


FIGURE 2. Comparisombetween the 2 centers concerning the 
flow velocity ratio determined by the mean and maximal 
(max.) flow velocities atthe left ventricular outflow tract (v1 
LVOT) and the mean and maximal (max.) flow velocities at the 
level of the aortic valve (v2 jet-velocity). Other abbreviations 
as in Figure 1. 


center B 


y= 0.5x + 9.03 
r= 0.36, p< 0.1 
SEE= 3.0 mm 


center A 


FIGURE 3. Comparison between the 2 centers concerning the 
diameter of the left ventricular outflow tract (LVOT). Other 
abbreviations as in Figure 1. 
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tic orifice areas also correlated poorly (Figure 4). The 
variability between aortic orifice areas as calculated at 
both centers had a mean coefficient of variation of 12.4 
+ 10.9% and ranged from 0 to 37% (Table II, Figure 
5). The 4 patients with disparate results were charac- 
terized by marked differences in measurements of the 
left ventricular outflow tract diameter. Concordant re- 
sults for the identification of patients with a severe aor- 
tic valve stenosis, defined as an aortic orifice area 
<0.75 cm?, were obtained in 14 patients. In 4 patients, 
the severity of the aortic valve stenosis was classified 
differently by the 2 centers. To avoid high variability in 


aortic valve orifice area 


center B 


y= 0.54x + 0.21 
r= 0.59, p< 0.005 
SEE= 0.17 cm2 


center A 





FIGURE 4. Comparison between the 2 centers concerning the 


Variability of AOA 
between the two centers 


~ 
= 
= 0.13 
= 
© 
> 


eNOS e Na 2 ee 


0.00 0.60 1.20 


Aortic valve orifice area 


FIGURE 5. Absolute values of the observer variability be- 
tween the 2 centers concerning the aortic orifice area (AOA) 
determined according to the continuity equation. 





x 


HR 
(beats /min) 


V Max. (m/s) V Mean (m/s) 


— 
aoomphreaanwwoth own 


— 
O 


Mean+SD 6947 6849 2.0403 21403 14403 14403 1746 1745 8+3 943 13406 13405 1.2+0.5 12404 


HR = heart rate; PHT—MOA = mitral valve orifice area by pressure half-time; 2D-MOA = mitral valve orifice area by direct planimetry; other abbreviations as in Table |. 


the measurement of the diameter of the left ventricular 
outflow tract, a fixed area was chosen, with a distance 
of 20 mm and a calculated area of 3.14 cm?. When the 
aortic orifice area was calculated from the fixed area 
and from the ratio of the flow velocities measured in 
the left ventricular outflow tract and over the aortic 
valve, the correlation between aortic orifice areas mea- 
sured at each center was markedly improved (Figure 
6). The absolute value of the observer variability be- 
tween the aortic orifice area determined from the fixed 
and the real diameter of the left ventricular outflow 
tract was 0.06 + 0.06 cm2. The mean coefficient of 
variation was 11.3 + 9.5%. 

Quantification of mitral valve stenosis: Twenty-one 
patients with mitral valve stenosis were examined in 
both centers. Nine patients were in sinus rhythm, 11 
had atrial fibrillation and 1 had a pacemaker rhythm. 
Heart rates and Doppler echocardiographic results are 
listed in Table III. Maximal flow velocities correlated 
well between the 2 centers (Figure 7A). An even closer 
correlation was found for mean flow velocities (r = 
0.85) (Table IV). Similar results were obtained for the 
maximal and mean gradients over the mitral valve 
(Figure 7B). The mean mitral valve orifice area was 
calculated by center A to be 1.15 + 0.46 cm?, deter- 
mined by pressure half-time, and to be 1.27 + 0.57 
cm’, measured by direct planimetry (p <0.05); at cen- 





ter B, it was 1.16 + 0.42 cm? and 1.29 + 0.49 cm? (p 
<0.05), respectively. Mitral valve orifice areas correlat- 
ed well between the 2 centers using the different meth- 
ods (Figure 8). The mean difference between the 2 cen- 
ters in the mitral valve orifice areas as determined by 


aortic orifice area 
LVOT-distance= 20mm 


© 
eee 
® 
~ 
c 
(5 
oO 


y= 1.03x - 0.007 
r= 0.87, p< 0.001 
SEE= 0.1 cm2 


center A 


FIGURE 6. Comparison between the 2 centers concerning the 
aortic valve calculated by a diameter of the left ventricular 
outflow tract (LVOT) of 20 mm (LVOT area = 3.14 cm7). Oth- 
er abbreviations as in Figure 1. 
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TABLE IV Comparison of Two-Dimensional and Doppler Echocardiographic Parameters Between the Two Echocardiographic 


Centers in Patients with Mitral Valve Stenosis 


Parameter 


Max. velocity (m/s) 
Max. diastolic 
gradient (mm Hg) 


Mean velocity (m/s) 
Mean diastolic 

gradient (mm Hg) 
2D-—MOA (cm?) 
PHT—MOA (cm?) 
Center A 

2D—MOA/PHT—MOA 
Center B 

2D—MOA/PHT—MOA 


Abbreviations as in Tables |, Il and Il. 


direct planimetry was 0.11 + 0.08 cm? and 0.07 + 
0.05 cm?, using pressure half-time (Figure 9A and B). 
The variability between the 2 centers was 9.8 + 8.6% 
for 2-dimensional echocardiography and 5.7 + 4.5% 
for Doppler echocardiography using pressure half-time 
(Table IV). When the mitral valve orifice area as mea- 
sured by direct planimetry and by pressure half-time 
was compared at each center, the 2 parameters corre- 
lated well (Table IV). 


DISCUSSION 

In this study of 42 patients with aortic and mitral 
valvular stenoses, excellent reproducibility of most of 
the 2-dimensional and Doppler echocardiographic mea- 


mean (4)/ max,(e) velocity 
over the mitral valve 


@ y= 0.74x + 0.56 
r= 0.77, p< 0.001 
SEE= 0.21 m/s 


a 
ka 
v 
et 
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A y= 0.84x + 0.22 
r= 0.85, p< 0.001 
SEE= 0.17 m/s 





1.75 3.00 


center A 


p Value 


Regression Line Coefficient of Variation 


y =0.74x +0.56 
y =0.75x+4.5 


0.09 + 0.06/4.44 3.2% 
1.33 + 1.08/7.8 + 6.5% 


y = 0.84x + 0.22 
y =0.85x+ 1.5 


0.07 + 0.05/4.9 + 3.7% 
0.7406 /9.5+7.5% 


y =0.75x + 0.33 
y = 0.86x + 0.17 


0.11 + 0.08/9.8+ 8.6% 
0.07 +0.05/5.7 + 4.5% 
y = 1.05x +0.06 0.11 +0.11/9.4+9.1% 


y =0.95x+ 0.18 0.1140.11/9.248.4% 





surements was found when comparing the 2 different 
echocardiography centers. Only the diameters of the 
left ventricular outflow tract correlated poorly between 
the 2 centers, resulting in a variability of 12.4% for the 
calculated aortic valve orif'ce area. Because the deter- 
mination of the aortic valve orifice area is frequently 
used to guide therapeutic strategies, its observer vari- 
ability should be carefully considered in individual pa- 
tients. Our results also stress the importance of the flow 
velocity ratio calculated from the flow velocities in the 
left ventricular outflow tract and within the jet area of 
the aortic valve. This ratio seems to depend less on ob- 
server variation and should be used to quantify the se- 
verity and the progress of an aortic valve stenosis. 


mean (4)/ max.(e) gradient 
over the mitral valve 


@ y= 0.75x + 4.5 
r= 0.78, p< 0.001 
SEE= 2.8 mmHg 


center B 


àa y= 0.85x + 1.5 
r= 0.86, p< 0.001 
SEE= 1.8 mmHg 





15 30 


center A 





FIGURE 7. Comparison between both centers concerning the maximal (max.) and mean flow velocities (left) and the maximal 
and mean gradient (right) over the mitral valve. Other abbreviations as in Figure 1. 
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Doppler echocardiographic measurements have be- 
come the technique of choice for the noninvasive assess- 
ment of patients with valvular heart disease. The tech- 
nique correlates closely with invasive measurements in 
patients with mitral and aortic stenoses.”™!!-16 In addi- 
tion, 2-dimensional echocardiography allows the deter- 
mination of the severity of a mitral valve stenosis by 
direct planimetry of the orifice area.??-?’ 

Some reports have described a good reproducibility 
and inter- and intraobserver variability of 2-dimension- 
al and Doppler echocardiographic measurements inves- 
tigated in the same echocardiography laboratory (Ta- 
bles V and VI?8.29). Most authors described a good 
correlation between 2 observers trained in the same 
echocardiography laboratory for flow velocities mea- 
sured over the aortic valve as well as for aortic and 
mitral valve orifice areas. Mean interobserver variabili- 
ty ranged from 3.1 to 9.5% for flow velocities over the 
aortic valve and from 6 to 12.7% for aortic valve orifice 
areas. However, interobserver variability may peak at 
24%.8 Data on the reproducibility of 2-dimensional and 
Doppler echocardiographic measurements are manda- 
tory to follow patients with aortic and mitral valve ste- 
noses adequately and, for example, to determine the 
appropriate time for surgical intervention. 

This study of patients with aortic and mitral valve 
stenoses addressed the interobserver variability of 2-di- 
mensional and Doppler echocardiographic assessment 
of 2 independent echocardiography laboratories. The 
study describes a close correlation for all flow velocities 
measured over the mitral valve and for mitral valve ori- 
fice areas determined by direct planimetry and by pres- 
sure half-time. The variability between results obtained 
by the 2 echocardiography centers was similar to that 


Variability of MOA 
2D - Echo 


variability 


OE AEM aT Ae Soi cael ee A 


0.00 1.50 3.00 


Mitral valve orifice area 


mitral valve orifice area 
(4) PHT-MOA 


(e) 2D-MOA 
2.20 


@ y= 0.75x + 0.33 
r= 0.88, p< 0.001 
SEE= 0.24 cm2 


center B 


Ay= 0.86x + 0.17 
r= 0.94, p< 0.001 
SEE= 0.15 cm2 


center A 





FIGURE 8. Comparison between both centers concerning the 
mitral valve orifice area determined by direct planimetry (2D- 
MOA) and by pressure half-time (PHT-MOA). Other abbrevia- 
tions as in Figure 1. 


described in studies summarized in Table VI. The re- 
sults indicate that 2-dimensional or Doppler echocardi- 
ography, or both, provides reproducible and observer- 
independent data in patients with a mitral valve steno- 
sis. 

In patients with an aortic valve stenosis, there was 
also a good correlation between flow velocity measure- 
ments calculated at the 2 centers. However, in most 
patients, a high flow velocity was measured at center B 
probably due to the different echocardiographic ma- 
chines used at centers A and B. In both centers, all 


Variability of MOA 
Doppler - PHT 


Variability 


Mitral valve orifice area 





FIGURE 9. Absolute value of the observer variability between the 2 centers concerning the mitral valve orifice area (MOA) de- 
termined by direct planimetry (2D-Echo) (left) and by pressure half-time (Doppler-PHT) (right). 
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Reference | r SEE Interobserver Variability | 


Warth et al?? (1984) Mean velocity 
Aortic orifice area 
- Peak gradient 
Peak gradient 
Mean gradient 
Aortic orifice area 
Velocity over the 
aortic valve 
LVOT velocity 
LVOT diameter 
Mean velocity (mitral) / 
mean velocity (aortic) 
Aortic diameter 
Aortic diameter 
Max. aortic velocity 
Aortic orifice area 
Velocity over the 
aortic valve 
LVOT velocity 


Currie et al! (1985) 
Krafchek et al?8 (1985) 


Zoghbi et al (1986) 


Otto et al® (1986) 


Richards et al!> (1986) 


Teirstein et al* (1986) 
Bouchard et al!° (1987) 


Veyrat et al?” (1987) 
Otto et al!4 (1989) 


Abbreviations as in Table II. 


TABLE VI Interobserver Variability in the Quantification of 
Mitral Valve Stenosis 


Interobserver 


Reference SEE Variability (cm?) 


Martin et al?3 MOA-2D 0.93 

(1979) 

0.14 
0.15 


—0.06 + 0.16 


MOA-2D 
MOA-—PHT 
MOA-—PHT 


Smith et al!® 
(1986) 

Nakatani et al!” 
(1988) 

Chen et al!® 
(1989) 


MOA-PHT 0.05 +0.15 


Abbreviations as in Tables II and Ill. 


instruments are routinely calibrated by the manufactur- 
er; however, because this study aimed to compare the 
routine results between both centers, we agreed on the 
same methods but we did not calibrate one echo-system 
against the other one. However, the flow velocity ratio 
determined by flow velocities measured at the left ven- 
tricular outflow tract and at the level of the aortic valve 
revealed only small differences between the 2 centers. 
Most important, there was a bad correlation for the 
determination of the left ventricular outflow tract diam- 
eter. The variability between the 2 centers was surpris- 
ingly low at 5.6 + 6%, because the absolute differences 
of the outflow tract diameter were small. Teirstein et 
al* reported an interobserver variability for the left ven- 
tricular outflow tract diameter of 8.0 + 7.0%. Similar 
data were reported by Otto et al,®:!4 at a variability of 
7.9%, and by Bouchard et al,!° at 4.5%. 

Because of the bad correlation between left ventric- 
ular outflow tract diameters, there was also a poor cor- 
relation for aortic valve orifice areas calculated at the 2 
laboratories according to the continuity equation. Be- 
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5% 
12.7% 
6% (range 0 to 24%) 


6+6% 
3.1% 


3.9% 
7.9% 
6% 


8.0+ 7.0% 
4.542.1% 
8.347.7% 


3.2% 


0.94 0.06 4.6% 





cause the velocity ratio for the pre- and post-valvular 
flow velocities is a reliable parameter with respect to 
observer variability, we recommend determination of 
this parameter to judge progression of valvular disease. 
We propose calculation of the aortic orifice area from 
the flow velocity ratio and a left ventricular outflow 
tract diameter of 20 mm. The variability of this artifi- 
cial orifice area, compared with the real one, is not 
worse than the observer variability for the aortic valve 
orifice area evaluated by 2 independent echocardiogra- 
phy laboratories, but the reproducibility of the orifice 
area would be markedly improved. 

These results underline the accuracy and excellent 
reproducibility of Doppler echocardiographic measure- 
ments in patients with aortic and mitral valve stenoses. 
The progression of disease in patients with a valvular 
aortic stenosis seems to be best followed by the flow 
velocity ratio over the aortic valve. 
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CARDIOVASCULAR PHARMACOLOGY 


Concentration-Effect Relations of 
9-Hydroxypropafenone in Normal Subjects 


Walter Emil Haefeli, MD, Samuel Vozeh, MD, Huy-Riém Ha, PhD, Walter Taeschner, MD, 
and Ferenc Follath, MD 


To evaluate the pharmacologic activity of 5-hy- 
droxypropafenone, electrocardiographic changes 
(PQ and QRS duration) and blood pressure levels 
were measured in 6 healthy extensive metabo- 
lizers of debrisoquine after a single oral dose of 
300 mg of this metabolite as a solution in a pla- 
cebo-controlled, double-blind crossover study. 
Well-absorbed, with a lag time of 4.4 to 9.8 min- 
utes, 5-hydroxypropafenone reached peak con- 
centrations of 153 to 337 ng/ml after 20 to 51 
minutes. The terminal half-life was 506 to 963 
minutes. To describe the temporal aspects of the 
concentration-effect relation, a pharmacokinetic- 
pharmacodynamic model with a hypothetical ef- 
fect compartment was applied. The relation be- 
tween electrocardiographic changes and drug 
concentration at the effect site could be de- 
scribed by a linear regression model. Significant 
prolongations of PQ and QRS duration were 
found in 5 of 6 subjects. There were no changes 
in QTc interval, blood pressure measurements 
and heart rate in the supine position. However, 
blood pressure measurements in the upright po- 
sition revealed a greater percent decrease of 
systolic blood pressure than with placebo (mean 
+ standard deviation —25.6 + 13.8% vs —3.4 + 
13.1%, p <0.05). It is concluded that 5-hy- 
droxypropafenone exerts significant pharmaco- 
logic activity in humans as well as animals. Be- 
cause QRS prolongation in patients treated with 
class IC antiarrhythmic drugs correlates with the 
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antiarrhythmic effect, our data suggest that 5- 
hydroxypropafenone may contribute to the ther- 
apeutic activity of propafenone in humans. 

(Am J Cardiol 1991;67:1022-1026) 


with some additional 6-blocking activity. In 

humans, the drug is extensively metabolized to 
S-hydroxypropafenone and N-depropylpropafenone. ! 
The formation of 5-hydroxypropafenone is catalyzed by 
the hepatic enzyme cytochrome P450IID,¢ (= P450db, 
= debrisoquine 4-hydroxylase).2> Poor metabolizers, 
about 5 to 10% of the Caucasian population,+5 are un- 
able to generate significant amounts of 5-hydroxypro- 
pafenone and therefore have a decrease in systemic 
drug clearance.® In contrast, 5-hydroxypropafenone lev- 
els in extensive metabolizers reach 20 to 70% of par- 
ent drug concentrations during long-term administra- 
tion!” and may be even higher than propafenone lev- 
els after single oral doses.’ 

Animal studies with 5-hydroxypropafenone indicat- 
ed an antiarrhythmic activity.!°-!* Using a reperfusion 
arrhythmia model in isolated rat hearts, we found a 
relative potency of 82% compared with propafenone, 
whereas N-depropyl-propafenone exerted only a weak 
(about 20%) antiarrhythmic effect.!$ Comparison of 
PQ and QRS intervals after intravenous and oral dos- 
ing of propafenone in healthy volunteers indicated 
a significant contribution of 5-hydroxypropafenone to 
pharmacologic effects.? The aim of this study was a 
more precise evaluation of the activity of 5-hydroxypro- 
pafenone in humans after its direct oral administration. 


Prion: is a class IC antiarrhythmic agent 


METHODS 

After a routine medical examination, including a 
12-lead electrocardiogram, we studied 6 healthy exten- 
sive metabolizers of desbrisoquine. All were nonsmok- 
ers with normal renal and hepatic function. Two weeks 
before and during the whole investigation period, they 





TABLE I Subject Characteristics, Pharmacokinetic and Pharmacodynamic Parameters After Single Oral Doses of 300 mg of 5- 


Hydroxypropafenone 


Subject/ Age Weight LagTime Cmax. tl/2ae t1/28 


Gender (yr) (kg) (min) (ng/ml) (min) (min) 
MB/M 28 70 5.0 337 29.1 615 
IF /F 20 60 8.8 299 29.5 548 
EG/F 32 53 5.6 157 36.8 584 
RH/M 41 57 44 346 37.2 963 
MM /F 19 68 9.8 153 26.4 506 
IT/M 25 68 7.1 226 17.5 576 
Mean 27 62 6.8 253 29.4 632 
+S$D 8 7 2.2 87 7.3 166 


PQ Interval QRS Duration 

AUCo-12h are in eid LAE Si EEE E T A ET DA eS 
(ng-min/liter) PQo(ms)  PQma(ms) QRSo(ms)  QRSma{ms) 
28.6 141 159 128 144 
29.6 153 176 78 93 
19.2 123 140 84 90 
42.2 121 155 84 99 
16.8 155 171 90 99 
18.5 145 148 85 91 
25.8 139 158 91 102 

9.7 14 13 18 20 


AUCo-ı2n = area under the concentration-time curve from zero time to 12 hours; Cmax. = 5-hydroxypropafenone peak concentrations; PQmax and QRS max = Maximal 
electrocardiographic interval prolongations; PQo and QRSo = baseline electrocardiographic intervals; tl /2a and t1 /26 = distribution and terminal half-lives. 


eceived no concurrent medication known to alter he- 
atic metabolism or blood flow or to affect the P450 
xydases.? Twelve hours before and during each trial, 
everages containing quinine or methylxanthines were 
ot allowed. Approval of the study by the hospital eth- 
zs committee and written consent were obtained. 

Experimental procedure: Each subject was tested 
n 2 separate occasions in a double-blind, randomized 
equence >1 week apart. After an overnight fast, either 
00 mg of 5-hydroxypropafenone as an oral solution 
r a comparably bitter placebo solution (naringin—a 
harmacologically inert glycoside of grapefruit) was 
dministered. During the following 12 hours, blood 
amples were obtained from a catheter placed in a fore- 
rm vein at the following times: 0, 10, 20, 30, 40, 50, 
10, 70, 80, 90, 100, 110, 130, 150, 170, 185, 210, 240, 
00, 360, 420, 480, 540, 600, 660 and 720 minutes. 
"he serum was separated within | hour and kept frozen 
it —20°C until analyzed. 

Electrocardiogram and heart rate were continuously 
nonitored using a Hellige monitor system. To identify 
he initial ventricular activation, a unipolar precordial 
ead (V5 or V6) was recorded, which displayed a well- 
lefined initial downstroke (Q wave) of the QRS com- 
lex. Before each blood sample, during 15 seconds, dig- 
tized electrocardiographic complexes were stored on a 
loppy disc with the help of a Hewlett-Packard 9816 
nicrocomputer. Throughout the investigation period, 
he subjects rested supine in a hospital room. At least 
O minutes before each measurement they were lying 
till to minimize electrocardiographic changes due to 
ody position and to activity of the neurovegetative sys- 
em. A standardized meal was given 240 minutes after 
Irug administration. 

Blood pressure was measured on the left arm by a 
nercury column after each electrocardiographic re- 
ording. To detect orthostatic blood pressure variability, 


blood pressure measurements were performed 360 min- 
utes after drug administration in the supine and—dur- 
ing 5 minutes—upright positions. 

Electrocardiographic analysis: After computerized 
averaging to filter out random noise, electrocar- 
diographic intervals were evaluated with an interac- 
tive microcomputer program by a blinded investigator 
(WEH) who was unaware of the time of sampling and 
the results of the drug level measurements. 

Serum concentration measurements: Kindly sup- 
plied by Knoll Pharmaceuticals (Ludwigshafen, Feder- 
al Republic of Germany), 5-hydroxypropafenone (5’- 
hydroxy-2’-(2-hydroxy-3-propylaminopropoxy )-3- 
phenylpropiophenone hydrochloride) was determined in 
serum by a specific high-performance liquid chroma- 
tography method, as recently described.’ The inter- and 
intraassay coefficients of variation were <6% for con- 
centrations >20 ng/ml. Below this range, the coeffi- 
cient of variation was <14%. The lowest limit of detec- 
tion was 2 ng/ml. 

Pharmacokinetic-pharmacodynamic modeling: In a 
first step, the 5-hydroxypropafenone concentration-time 
profiles of each subject were fitted using a 2-compart- 
ment model and assuming zero-order absorption with a 
lag time (estimated delay between drug administration 
to appearance in serum). The respective pharmacoki- 
netic parameters were substituted as known constants 
in the pharmacokinetic-pharmacodynamic model with 
a hypothetical effect compartment.'® The relation be- 
tween electrocardiographic changes and drug concen- 
tration at the effect site (Cegrug) could be described by 
a linear regression model (equation 1), where E denotes 
the prolongation of the electrocardiographic interval an- 
alyzed and Bo and arug are the pharmacodynamic pa- 
rameters to be estimated: 


E> Bo + Barug s Cedrus: (1) 
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All curve fitting was done with the extended nonlin- 
ear least-squares program ELSFIT.!7 

Statistical evaluation: First, the 2 data sets (5-hy- 
droxypropafenone, placebo) were fitted simultaneously 
to estimate pharmacologic activity of 5-hydroxypropa- 
fenone using equations 2 and 3 (full model). 


(ng/ml) 
50 


time (hours) 


time (hours) 





FIGURE 1. Serum concentration and effect data in subject IF 
after 300 mg of 5-hydroxypropafenone orally. A, serum con- 
centration versus time data. B, PQ interval versus time data. 
C, QRS duration versus time data. Solid lines represent the 
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Esup = bosup + Bsyp * Cesyp 


Epiac T Boptac (3) 

In a second step, fitting was repeated assuming no 
effect of 5-hydroxypropafenone (@syp = 0) using equa- 
tions 4 and 5 (reduced model): 


(4) 
(5) 


Statistical significance of the concentration-effect 
relation was evaluated comparing full and reduced 
models by the general linear F test.!8 Orthostatic blood 
pressure measurements after placebo and 5-hydroxy- 
propafenone were compared by the Wilcoxon test. 
Two-tailed p values <0.05 were considered statistically 
significant. 


Esup = bosup 


Eplac = Boptac 


RESULTS 

Pharmacokinetics: After oral administration, 5-hy- 
droxypropafenone was rapidly absorbed with a lag time 
of only 4.4 to 9.8 minutes and reached peak concentra- 
tions of 153 to 337 ng/ml after 20 to 51 minutes. The 
corresponding values of the a- and 8-half-lives are list- 
ed in Table I. Neither N-depropylpropafenone nor pro- 
pafenone could be detected at any time. Figure 1A 
shows the concentration-time profile found in sub- 
ject IF. 
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FIGURE 2. Changes in electrocardiographic intervals in 6 
healthy volunteers expressed as the mean percent change 
from baseline after 300 mg of 5-hydroxypropafenone (solid 
symbols) and placebo (open symbols), respectively. Cmax, 10 
and 20 denote the time of serum peak concentration, 10 and 
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TABLE Il Results of Systolic Blood Pressure Measurement (mm Hg) Before (BP.o) and After 5 Minutes in Upright Position (BP.s), 


360 Minutes After Drug Administration 


Placebo 
Subject BP. BP <5 BP% HRo HRs 
MB 110 114 3.6 62 85 
IF 102 102 0 68 93 
EG 98 70 —28.6 72 126 
RH 123 126 2.4 89 112 
MM 104 98 —5.8 75 106 
IT 113 112 8.0 80 102 
Mean 108 105 —3.4* 74 104 
+SD 9 20 13.1 9 14 


* Statistically significant difference between groups (p = 0.028). 


5-Hydroxypropafenone 
BP. BP x5 BP% HRo HRs C360 
108 65 —32.4 58 86 18.3 
97 63 —35.1 66 102 19.5 
100 62 —38.0 71 128 17.2 
118 112 —5.1 84 113 33.0 
114 78 —31.6 87 120 15.0 
122 108 -11.5 74 98 14.3 
109 81 —25.6* 73 107 19.6 
10 23 13.8 10 15 6.9 


BP% = percent difference in arterial systolic blood pressure; C36 = corresponding 5-hydroxypropafenone concentration in serum (ng/ml); HRo = heart rate supine; HRs = heart 


rate after 5 minutes in upright position. 


Pharmacodynamics: Comparison of the full and re- 
uced model (see Methods) revealed significant prolon- 
ations of PQ and QRS duration in 5 subjects. In 1 
ubject (IT), no effect could be demonstrated if fitting 
ras performed over the whole 12-hour investigation pe- 
lod. However, if data were only analyzed as long as 
2rum levels were >20 ng/ml, in this subject, too, 

significant prolongation could be demonstrated for 
YRS but not for PQ duration. An example of the pre- 
icted and observed electrocardiographic intervals ver- 
us time is shown in Figure 1, B and C. Mean percent 
rolongations are shown in Figure 2. No significant in- 
uences on rate-corrected QT interval nor on blood 
ressure measurements in the supine position could be 
emonstrated. 

Blood pressure measurements: Systolic blood pres- 
ure in the supine position and after 5 minutes of stand- 
ig, heart rates and the corresponding drug levels are 
sted in Table II. Changes in heart rate in the upright 
Osition were not significantly different from control 
alues in the supine position nor were supine blood 
ressures and heart rates in the 2 trials (placebo, 5- 
ydroxypropafenone). Statistical evaluation of the per- 
ent decrease of standing systolic blood pressure re- 
ealed a significant decrease after 5-hydroxypropafen- 
ne administration (Figure 3). 

Adverse effects: Only minor adverse effects oc- 
urred after administration of 5-hydroxypropafenone. 
‘wo subjects felt dizzy during blood pressure measure- 
rent in the upright position. One subject complained 
f mild headache, dry mouth and a bitter taste. No 
onduction disturbances or proarrhythmic events were 
oted. 


ISCUSSION 

A variety of extensively metabolized antiarrhythmic 
rugs, such as  procainamide,!? encainide?? and 
uinidine?! are transformed into active metabolites. N- 
cetyl-procainamide and O-demethyl-encainide were 


shown to have antiarrhythmic effects in patients.!?:2° 
Recent studies indicate that 5-hydroxypropafenone also 
influences the activity of propafenone, leading to differ- 
ences in antiarrhythmic efficacy and tolerance in poor 
and extensive metabolizers.6?? This study directly con- 
firms the pharmacologic activity of 5-hydroxypropafen- 
one in the form of a concentration-dependent prolonga- 
tion of PQ and QRS durations. Peak concentrations of 
5-hydroxypropafenone in our subjects were in the range 
observed during long-term administration of the parent 
compound.!:78 Since the effect of O-demethyl-encai- 
nide, another type IC drug metabolite, on QRS dura- 
tion has been shown to correlate with the suppression of 
ventricular ectopic beats,*? a contribution of 5-hydroxy- 
propafenone to antiarrhythmic activity in patients can 
also be assumed. The present findings, and the previ- 
ously reported concentration-effect relation after single 
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FIGURE 3. Time course of systolic blood pressure before and 
after 5 minutes in the upright position with 300 mg of 5-hy- 
droxypropafenone and placebo, respectively. Solid circles and 


crease of systolic blood pressure between the 2 groups (p 
<0.05). 
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intravenous and oral doses of propafenone,’ suggest 
that the relative potency of the metabolite may be even 
higher than that of the parent compound. In some ani- 
mal models, 5-hydroxypropafenone also appeared to be 
more potent than propafenone.!4:4 

Certain pharmacologic differences between propa- 
fenone and 5-hydroxypropafenone could have practical 
advantages and would justify further clinical investiga- 
tions: (1) After oral administration as a solution, 5-hy- 
droxypropafenone is rapidly absorbed and might there- 
fore be suitable to suppress acute arrhythmias. (2) The 
elimination half-life is 2 to 3 times longer than that of 
the parent drug. Administration once or twice a day 
might therefore be sufficient to maintain therapeutic 
blood levels for 24 hours. (3) Bypassing the polymor- 
phic cytochrome P450IID¢ by direct administration of 
5-hydroxypropafenone would eliminate the influence of 
genetic variability and reduce the risk of interac- 
tions with other drugs metabolized by this pathway. 
(4) A lesser 8-blocking activity of 5-hydroxypropafen- 
one might be an additional advantage over propafenone 
in patients with obstructive lung disease and in patients 
with impaired ventricular function. However, at present 
we have no information on the influence of this metab- 
olite on myocardial contractility in man. 
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EDITORIALS 


The Limited Echocardiogram: A Modification of 
Standard Echocardiography for Use in the 
Routine Evaluation of Patients with 
Systemic Hypertension 


Henry R. Black, MD, Gregory Weltin, MD, and C. Carl Jaffe, MD 


ypertensive patients are classified simply by 

the average level of their diastolic blood pres- 

sure after an appropriate number of measure- 
ments are obtained under proper conditions.! “Mild” 
hypertensives are those with diastolic blood pressure 
levels from 90 to 104 mm Hg; “moderate” hyperten- 
sives have diastolic blood pressure levels of 105 to 114 
mm Hg, and “severe” hypertensives are those with dia- 
stolic blood pressure 2115 mm Hg. This classification 
was developed to reflect the fact that the prognosis of a 
hypertensive patient is determined largely by the level 
of diastolic blood pressure, although systolic blood pres- 
sure is an even better predictor of outcome.* Careful 
analysis of epidemiologic data and the effects of treat- 
ment for hypertension in clinical trials and other studies 
have clearly shown that all mild hypertensive patients 
are not the same.*:+ Those with other risk factors and 
those who smoke are much more likely to develop car- 
diovascular disease. Those with end-organ damage— 
coronary artery or cerebrovascular disease, renal insuf- 
ficiency and left ventricular (LV) hypertrophy as deter- 
mined by the electrocardiogram—also have a signifi- 
cantly worse prognosis.’ 

Currently, the 12-lead surface electrocardiogram is 
the recommended routine laboratory test for diagnosing 
LV hypertrophy in hypertensive patients.! It is noninva- 
sive, reproducible, easy to perform, portable, considered 
to be relatively inexpensive, and the electrocardiograph- 
ic criteria for LV hypertrophy are known by most phy- 
sicians. However, in addition to occasional technical 
problems due to lead placement and malfunctioning 
equipment, relatively few hypertensive patients with 
large left ventricles have definite LV hypertrophy with 
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electrocardiography.®’ Furthermore, Carr et al® com- 
pared a variety of protocols for interpreting the electro- 
cardiogram and showed that standard electrocardiogra- 
phy has limited sensitivity (11 to 38%) for detecting the 
presence of an increased LV mass. 

Several noninvasive cross-sectional imaging tech- 
niques (echocardiography, computed tomography, 
magnetic resonance imaging) offer sufficient spatial 
and contrast resolution to provide direct, reliable mea- 
sures of LV mass, as well as LV volumes. Echocardiog- 
raphy in particular provides an increasingly attractive 
choice for routine clinical assessment of LV wall thick- 
ness and mass. It is widely available, safe, easy to do 
and reproducible. Several studies have compared echo- 
cardiographic estimates of LV muscle mass, using both 
M-mode and 2-dimensional echocardiography, with 
LV weight at autopsy and with that calculated from 
ventriculography.*-'!* These studies clearly show that, 
with appropriate correction for a systematic overestima- 
tion of LV mass, the echocardiogram accurately mea- 
sures the weight of the left ventricle. The Framingham 
study has shown that if one uses echocardiographic cri- 
teria for LV hypertrophy rather than electrocardio- 
graphic findings, the prevalence of LV hypertrophy 
both in hypertensive and normotensive patients in- 
creases dramatically, regardless of age but especially in 
the elderly.”'3'4 In a recently published study of 3,220 
people with no clinical evidence of cardiovascular dis- 
ease, the prevalence of LV hypertrophy by electrocar- 
diogram was only 0.43% in men and 0.61% in women, 
but by echocardiographic criteria it was 15.54% in men 
and 21.02% in women.’ 

Echocardiography has the added advantage of pro- 
viding a numerical estimate of the size of the left ventri- 
cle, allowing the clinician not only to diagnose LV hy- 
pertrophy based on wall thickness criteria, but also to 
quantitate it. Also, the effect of treatment on the re- 
gression of LV hypertrophy can be more precisely fol- 
lowed than with the electrocardiogram. Nevertheless, 
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the increased sensitivity and specificity for diagnosing 
LV hypertrophy would only be an advantage if LV hy- 
pertrophy on the echocardiogram had the same prog- 
nostic significance noted for LV hypertrophy by elec- 
trocardiogram.° 

In the past several years, it has also become clear 
that the presence of LV hypertrophy on echocardiogra- 
phy is indeed a powerful predictor of cardiovascular 
risk.!3-!5.16 Casale et al!® investigated the association of 
coronary artery disease and the presence of LV hyper- 
trophy by echocardiography in a group of hypertensive 
men. Those with echocardiographic LV hypertrophy 
were found at higher risk for cardiovascular morbid 
events in the 5 years of follow-up than those without it. 
LV mass index had a higher independent relative risk 
than systolic and diastolic blood pressure, or age. In a 4- 
year study of 1,141 elderly subjects in Framingham, the 
degree of echocardiographically determined LV mass 
was found to be the strongest independent predictor of 
coronary artery disease.'? A more comprehensive study 
done by this group clearly showed that LV hypertrophy, 
as measured by the echocardiogram, was a robust and 
independent predictor of all-cause mortality, cardiovas- 
cular disease and cardiovascular mortality in men and 
women, and sudden death in men.’ Other recent studies 
have shown that patients with hypertension only in the 
office do not have echocardiographically determined 
LV hypertrophy, and that patients whose blood pressure 
does not decrease >10% at night have significantly larg- 
er left ventricles than do patients with identical casual 
and daytime readings, who have a normal circadian 
variation in blood pressure.!”!® Cooper et al!? just pub- 
lished data from the Cook County Heart Disease Regis- 
try, which demonstrated that the presence of LV hyper- 
trophy measured by the echocardiogram was the most 
powerful predictor of survival in a cohort of predomi- 
nantly black patients documented to have coronary ar- 
tery disease. Nearly 80% of their patients were hyper- 
tensive. These studies taken together clearly show that 
the measurement of LV mass contributes crucial prog- 
nostic information in hypertensive patients. 

The report of the fourth Joint National Committee 
on the Detection, Evaluation and Treatment of Hyper- 
tension agreed that echocardiography was superior to 
electrocardiography for evaluating LV mass in hyper- 
tensive patients, but did not recommend the routine use 
of this test primarily because of concerns about techni- 
cal reliability and especially cost.! We believe it is time- 
ly to reconsider their recommendations in light of (1) 
the more clearly demonstrated prognostic importance of 
LV hypertrophy on echocardiography; (2) technical ad- 
vances that have improved the reliability of the tech- 
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nique; and (3) the need to stratify more carefully which 
hypertensive patients need to be treated with drugs and 
which can be treated with less risky nonpharmacologic 
techniques and observed for long periods of time.” 


TECHNICAL ISSUES IN 
ECHOCARDIOGRAPHY 

Use of echocardiography for LV mass estimation in 
the 1970s suffered from limitations of the M-mode 
technique. With present technology, 2-dimensional 
real-time imaging permits direct visual guidance of the 
position of the M-mode acquisition, eliminating much 
random error.?! Because performance of the technique 
is dependent on a lung-free soft-tissue window between 
rib spaces, technically optimal examinations may not be 
possible in all persons. Nonetheless, in Framingham, 
97% of echocardiographic examinations were rated as 
acceptable in patients <30 years; 90% were acceptable 
in those aged <60 years, 70% were acceptable in those 
aged 60 to 69 years, and 37 to 55% were acceptable in 
those aged >70 years.” 

Multiple studies have demonstrated that reproduc- 
ibility can be optimized by 2-dimensional directed M- 
mode studies in the hands of an experienced technolo- 
gist.®?! Analyses of inter- and intraobserver variability 
show that LV wall measurements can be obtained with 
standard deviations of approximately 1.5 mm, and that 
LV mass can be measured with a standard deviation of 
approximately 30 g over both the short and long 
term.2? Other studies show similar levels of measure- 
ment error, and ascribe the variability to the interpreta- 
tion of the examination rather than to its performance. 


COST 

Although the echocardiogram is decidedly more 
sensitive than the electrocardiogram in diagnosing LV 
hypertrophy and can be done reliably by laboratories 
that have adequate training and quality control, before 
this procedure can become widely or routinely used, the 
cost must be substantially reduced and be competitive 
with electrocardiography. We have developed a limited 
echocardiographic examination for our hypertensive pa- 
tients targeted to the evaluation of LV mass and left 
atrial size. The examination consists of a rapid 2-di- 
mensional echocardiogram, followed by 2-dimensional 
guided M-mode measurements of the LV cavity.”! Be- 
cause these patients are ambulatory and cooperative, 
the examination is immediately begun in the left lateral 
position with end-expiratory effort to increase the likeli- 
hood of achieving best image quality. Only two 2-di- 
mensional views (long- and short-axis) and a brief M- 
mode are obtained, so the examination is considerably 
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shorter than a conventional full echocardiographic 
study that consists of multiple planes, Doppler and de- 
tailed valve examinations from several transducer and 
patient positions. By streamlining and routinizing this 
effort, we can perform this limited echocardiogram for 
about $146 (compared to the electrocardiogram of 
about $68), without sacrifice of quality. 

A full examination generally costs 2 or 3 times as 
much, depending on the local reimbursement profile. 
Such extensive and costly examinations are certainly 
not justified routinely in hypertensive patients. Patients 
with unexpected findings on the limited echocardio- 
gram are referred for a complete study, similar to the 
practice of screening mammography. A formal analysis 
of cost-effectiveness, with criteria similar to these, fa- 
vored echocardiography over 12-lead electrocardiogra- 
phy in detecting LV hypertrophy despite the slightly 
higher cost of echocardiography in that analysis.*4 


RECOMMENDATIONS 

The limited echocardiogram, by concentrating on 
the portion of the echocardiographic examination that 
is of specific interest to the clinician caring for the hy- 
pertensive patient, can significantly reduce the time 
needed to do the study and thus the cost for accurately 
assessing the mass of the left ventricle. The real ques- 
tion is whether the limited echocardiogram should be 
recommended as part of the routine initial or subse- 
quent evaluation of some or any hypertensive patients. 
One of the primary purposes of the laboratory compo- 
nent of the evaluation of hypertensive patients is to 
have the laboratory assist in helping to determine prog- 
nosis and to stratify patients into those who are at sig- 
nificant risk of a cardiovascular event and those who 
are not. Failure to diagnose LV hypertrophy in a pa- 
tient with an increased LV mass because he or she has 
a normal electrocardiogram deprives the clinician of 
important information about the patient’s cardiovascu- 
lar risk and perhaps about which agents to use for 
treatment. Patients who are free of end-organ damage, 
other cardiovascular risk factors or co-morbid condi- 
tions are at little immediate risk of cardiovascular dis- 
ease unless their diastolic blood pressure is 2100 mm 
Hg. These patients need not be subjected to the risks of 
pharmacologic treatment and can be managed with 
non-drug therapy for a considerable period of time.2° 

If, however, end-organ damage such as LV hyper- 
trophy is present, the prognosis changes regardless of 
the level of blood pressure. Those with demonstrable 
end-organ damage are at much greater risk of cardio- 
vascular events and are much more likely to benefit 
from treatment. Because standard electrocardiography 
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is neither sensitive nor specific for diagnosing LV hy- 
pertrophy, many patients will be incorrectly classified 
as being free of end-organ damage, and some who need 
aggressive therapy will not receive it because their risk 
is not properly appreciated. 

Echocardiography has another role distinct from its 
ability to assist in determining prognosis. Because LV 
mass can be accurately quantified, the efficacy of either 
drug or non-drug therapy can be followed more precise- 
ly and more accurately. If the LV mass is increasing 
outside the range of the statistical variability of the 
technique, regardless of the office blood pressure read- 
ings, antihypertensive therapy has not been completely 
successful. 

Should limited echocardiography merely supple- 
ment or should it replace the electrocardiogram? For 
many patients, especially older persons and those with 
known or suspected coronary artery disease, it is not 
appropriate to abandon routine electrocardiography. 
But the likelihood of the electrocardiogram discovering 
a silent ischemic event or a rhythm disturbance unde- 
tected by the history or physical examination is slim in 
many hypertensive patients, especially the young and 
asymptomatic.*° Perhaps it is now appropriate to con- 
sider individualizing our recommendations for evalua- 
tion of the hypertensive patient, just as we have appre- 
ciated the need to tailor initial antihypertensive therapy. 

The main impediment to routine use of this exami- 
nation is the perception that it is costly and will dra- 
matically increase the expense of caring for the large 
number of patients with hypertension. In our view, the 
limited echocardiogram is a cost-effective technique 
that will assist in determining prognosis and evaluating 
the success or failure of antihypertensive therapy. Care- 
ful use of the limited echocardiogram has the potential 
for saving money if the results are used to avoid unnec- 
essary therapy and, more importantly, to direct aggres- 
sive treatment at those who really need it. 
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Management of Aortic Stenosis: Is Cardiac 





Catheterization Necessary? 


Pravin M. Shah, MD, and Bruce M. Graham, MD 


ment of aortic stenosis in adults rests largely on 

(1) severity of stenosis and (2) presence of 
symptoms. In general, a truly asymptomatic patient is 
rarely subjected to aortic valve replacement, since the 
risk and morbidity of surgery appear to be greater than 
the risk of sudden death. On the other hand, develop- 
ment of even mild symptoms in a patient with critical 
aortic stenosis (aortic valve area <0.75 cm?) calls for 
an early, if not urgent, valve replacement. Those with 
an aortic valve area >1.0 cm? (i.e., mild or moderate 
severity) do not require valve surgery, whereas those 
with severe but not critical (valve area from 0.76 to 1.0 
cm?) stenoses are evaluated individually for other medi- 
cal and psychosocial factors. Thus, a patient in the lat- 
ter group with associated significant coronary artery 
disease or other valvular disease may benefit from aor- 
tic valve replacement at the time of surgery for his oth- 
er condition. 

The advent of continuous-wave Doppler methods in 
the early 1980s permitted accurate noninvasive quanti- 
tation of transvalvular pressure gradients. In 1985, the 
senior author (PMS), as part of a presentation at the 
Controversies in Cardiology segment of the Annual 
Scientific Session of the American College of Cardiolo- 
gy, predicted that cardiac catheterization for hemody- 
namic assessment of aortic stenosis would eventually be 
unnecessary in >90% of patients. Subsequent develop- 
ment of newer approaches (e.g., use of the continuity 
equation) has permitted accurate quantitation of aortic 
valve area. It is thus practical to obtain accurate deter- 
mination of peak and mean gradients and of aortic 
valve area as well as of associated valvular lesions and 
of left ventricular function from Doppler echocardiog- 
raphy.!:2 Thus, in a symptomatic patient, with all this 
information, one should be able to make a clinical man- 
agement decision relative to a need for valve replace- 
ment. 

The results of a report by Galan et al,? which ap- 
pears in this issue of The American Journal of Cardi- 
ology, support these expectations on the basis of 510 


T he clinical decision-making for surgical treat- 
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consecutive patients referred to their echocardiography 
laboratory for evaluation of suspected aortic stenosis 
over a 4-year period. The echo-Doppler examinations 
were considered adequate for diagnosis in 98% of pa- 
tients. Their observations suggest that a peak velocity of 
24.5 m/s (equivalent to a maximal peak gradient of 
>81 mm Hg) is always associated with critical aortic 
stenosis. Likewise, a peak velocity of <2.5 m/s (equiv- 
alent to a peak gradient of <25 mm Hg) is always 
associated with noncritical stenosis. When Doppler data 
were correlated with treatment outcome (i.e., clinical 
management), aortic valve replacement or balloon val- 
vuloplasty was performed in 109 of 160 patients diag- 
nosed as having critical stenosis. Medical treatment was 
recommended in 51 patients; reasons why were asymp- 
tomatic state, medical contraindications, patient refusal 
and advanced age. Thirty-five patients with noncritical 
stenosis (aortic valve area >0.75 cm?) underwent valve 
replacement, 15 for severe stenosis (valve area by 
Doppler between 0.76 and 0.80 cm2), and 20 for associ- 
ated lesions requiring surgery. Importantly, it should be 
emphasized that of the 238 patients with both Doppler 
and catheterization data available, the overall agree- 
ment between the 2 tests in distinguishing critical from 
noncritical stenosis was 96%. 

Kegel et al* reviewed our experiences at Loma Lin- 
da University Medical Center with 93 patients who had 
adequate echo-Doppler studies and who had undergone 
cardiac catheterization to determine the adequacy of 
noninvasive methods for accurate decision-making 
about valve replacement. The echo-Doppler studies 
were reviewed by an experienced echocardiographer, 
who made a recommendation for or against valve re- 
placement without knowledge of the actual outcome. 
These recommendations were compared with those ren- 
dered by the attending cardiologist after cardiac cathe- 
terization. The 2 decisions were concordant in 95% of 
cases. As in the current study, the best single parameter 
that separated patients requiring surgery from those 
who did not was peak jet velocity. All patients with a 
peak velocity >4.0 m/s required valve replacement 
and, likewise, none among those with a peak velocity 
<3.0 m/s required valve replacement. When the peak 
velocity was between 3.0 and 3.5 m/s, aortic valve re- 
placement was required when left ventricular ejection 
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fraction was <0.50. Similarly, when peak velocity was 
between 3.5 and 4.0 m/s, aortic valve replacement was 
required in 10 of 12 cases with a Doppler-derived aortic 
valve area of <0.8 cm?. The 2 of our 4 patients with 
apparently discordant recommendations (i.e., echo- 
Doppler favoring valve surgery with a clinical decision 
to follow medical management) eventually became 
more symptomatic 12 to 20 months later and required 
valve replacement. 

The lessons from the above studies may be summa- 
rized as follows: (1) Diagnostically adequate echo- 
Doppler assessment is feasible in >90% of patients re- 
ferred for evaluation of aortic stenosis. (2) Agreement 
in quantitation of aortic stenosis severity between 
Doppler echocardiography and cardiac catheterization 
is >95%. (3) Patients with a peak stenotic jet velocity 
>4.5 m/s have critical aortic stenosis. (4) Patients with 
a peak stenosis jet velocity <3.0 m/s almost invariably 
have noncritical aortic stenosis and are not candidates 
for valve surgery. (5) Those with a peak jet velocity 
between 3.6 and 4.4 m/s and with a calculated valve 
area of <0.8 cm? (continuity equation) have stenosis 
severity that may require surgical treatment. (6) Those 
with a peak jet velocity between 3.6 and 4.4 m/s and 
with calculated valve areas >0.8 cm? are unlikely to be 
candidates for valve surgery. However, if symptoms at- 
tributable to aortic stenosis are present, they should un- 
dergo cardiac catheterization for detailed hemodynamic 
evaluation. (7) Those with a peak jet velocity between 
3.0 and 3.5 m/s and with a left ventricular ejection 
fraction >0.50 are probably not candidates for valve 
surgery. If these patients have symptoms of severe aor- 
tic stenosis, they also should undergo hemodynamic 
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studies (cardiac catheterization) for additional confir- 
mation. (8) Those with a peak jet velocity between 3.0 
and 3.5 m/s and with a left ventricular ejection fraction 
<0.5 may have severe stenosis requiring surgery and 
should have the benefit of cardiac catheterization for 
added confirmation. (9) Those >40 years old with cal- 
cific aortic stenosis who have sufficient cusp mobility to 
show cusp separation by M-mode echo tracing of >1.3 
cm nearly always have a noncritically mild to moder- 
ately severe stenosis. 

It is clear from these recommendations that cardiac 
catheterization is required for making a decision re- 
garding a need for surgical intervention in only a small 
subset of patients. Most, if not all, adult patients >40 
years old will require selective coronary arteriography 
before surgery. However, the cost and morbidity of a 
detailed hemodynamic evaluation by cardiac catheter- 
ization may safely be avoided. The economic impact of 
such a practice would be substantial and without a neg- 
ative impact on patient care. 
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FROM THE EDITOR 


Editorial Board Meeting of The American Journal 
of Cardiology — 5 March 1991 


can Journal of Cardiology (AJC) this year was 

held in Atlanta, Georgia, on March 5 at the time 
of the Annual Scientific sessions of The American Col- 
lege of Cardiology. The major purposes of the meeting 
were to say “thanks” to the 160 board members for their 
enormous help during the previous year, to pay particular 
tribute to those board members reviewing the most 
manuscripts in 1990, and to receive input from board 
members through the questions and comments. 

(1) Introduction of new board members: Ten physi- 
cians (Table I) were added to the board beginning Janu- 
ary 1991, and they were introduced. New board mem- 
bers are selected entirely on their record as non—board 
reviewers for the AJC. It is easy to select the new mem- 
bers. The card files of the 1,400 or so non—board AJC 
reviewers are reviewed and the 10 or so with the best 
reviewing records are selected. The task of eliminating 10 
or so board members each year is getting to be extraordi- 
narily difficult because nearly all board members do a 
superb job. The card file of each board member is re- 
viewed near the end of the calendar year and those mem- 
bers with the largest numbers of reviews returned late or 
manuscripts returned without review are deleted. Thus, 
each board member determines his/her longevity on the 
AJC board. 

(2) Numbers of manuscripts received for review by 
each AJC board member in 1990: A total of 1,725 
manuscripts were received in 1990, a 5% increase over 
1989, a 20% increase over 1988, and a 60% increase over 
1982, the first year of the present editorship. The num- 


T he annual editorial board meeting of The Ameri- 


No. MSS 
Sent 


Speciality (No. / Reviewer) 


Adult cardiologist 
Pediatric cardiologist 
Cardiac surgeon 


Radiologist 
or pathologist 


Totals 


BR = brief reports; CR = case reports; LR = long reports; MSS = manuscripts. 


bers and types of manuscripts sent 
(96% actually reviewed) to the 4. 
types of specialists on the board 
are summarized in Table II. The 
160 board members were sent 844 
manuscripts to review, an average 
of 5.2 per member: 788 (93%) 
were reviewed on time (3 weeks 
from the mailing date to receiving 
date from the Bethesda, Mary- 
land, editorial office); only 20 
manuscripts (3%) were not reviewed within this time 
period; and 36 manuscripts (4%) were returned without 
review. 

(3) AJC board members reviewing the most manu- 
scripts in 1990; The top 13 reviewers (the “double-digit 
guys”) in 1990 are listed in Table III. An attempt was 
made in 1990 to send no more than 10 manuscripts to 
any AJC board member. (I am certainly aware that 
AJC board members also review many manuscripts for 


TABLE I New Editorial Board Members for 1991 


. J. Thomas Bigger, Jr. 
. Peter C. Block 

. Kenneth M. Borow 

. Richard B. Devereux 
. William D. Edwards 

. Sidney O. Gottlieb 

. Geoffrey O. Hartzler 
. Raymond G. McKay 
. Catherine M. Otto 

. Augusto D. Pichard 





No. (%) 
MSS 
No. (%) No. (%) Returned 
Reviews Reviews Without 
on Time Late Review 


(3.5%) 
3 


(17%) 


20 
(93%) (3%) (4%) 
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other medical journals.) Tables IV to VII list board 
members reviewing 9, 8, 7 and 6 manuscripts, respective- 
ly, in 1990. 

(4) Numbers of pages and articles and types of 
articles published in the AJC in 1990; These data are 
presented in Table VIII. A total of 662 articles were 
published in 3,001 pages in 1990, an average of 55 arti- 
cles a month with each having an average length of 4.53 
pages. Among the 448 long reports, 205 (46%) con- 
cerned coronary artery disease; 66 (15%), arrhythmias 
and conduction disturbances; 33 (7%), congestive heart 
failure; 27 (6%), congenital heart disease; 24 (5%), val- 
vular heart disease; and 20 (4%), systemic hypertension. 
Miscellaneous conditions (43 [10%]), cardiomyopathy 
(14 [3%]), methods (14 [3%]) and historical studies (2 
[<1%]) comprised small percentages of the 448 long 
reports. Additionally, 158 brief reports, 23 case reports, 


TABLE Ill Top AJC Board Reviewers in 1990 and Numbers 
of Manuscripts Reviewed 
No 


{ No. Re- 

MSS Re- viewed 

Name viewed LR BR CR onTime 
1. Jawahar Mehta oa 
2. Robert L. Feldman 0 O 
2. William B. Kannel 0 0 
4. Michael H. Crawford 1 O 
4. Pablo Denes it 6 
4. Julius M. Gardin ) ee’ 
4. David R. Holmes, Jr. 2.0 
4. Abdulmassih S. Iskandrian I ee | 
4. Carl V. Leier ee 
4. Fred Morady DAD 
4. Melvin M. Scheinman 0 90 
4. David H. Spodick 3-0 
4. Salim Yusuf 0 0 

Totals 134 123 10: | 134 
(92%) (100%) 


Abbreviations as in Table Il. 


TABLE IV Reviewers of Nine Manuscripts for the AJC in 
1990 
No 


No. Re- 
viewed 
BR CR onTime 







MSS Re- 


viewed LR 









. Robert O. Bonow 

. Pamela S. Douglas 

. Joseph A. Franciosa 
. Leonard N. Horowitz 
Jeffrey M. Isner 

Joel Morganroth 

. Eugene R. Passamani 
. Joseph K. Perloff 

. Philip J. Podrid 

. Nathaniel Reichek 

. Eric J. Topol 


0O LO WO N O O O WOW WO WO 
KF OoOodonroedTondrdore 
LO LO LO LO LO WO WOO OO ON 


— pò 









8 O LO LO LO O O O O O O O 
o;joocoocoq°no°o°e°ce 


93 6 97 
(94%) (98%) 


Abbreviations as in Table II. 


Totals 
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and 33 editorials were published. I would like to increase 
the numbers of articles on systemic hypertension. The 
percentage of brief reports—the unique feature of the 
AJC—concerning coronary artery disease is much less 
than that comprising the long reports. 

(5) Symposia published in the AJC in 1990; Twen- 
ty symposia were published in 1990, the same number as 
in 1989. Each is published under separate white cover 
from the regular issues under blue cover. 

(6) Country of origin of articles in the AJC in 1990: 
The country of origin of articles in the AJC was last 
tabulated for 1984 and for that year 70% of the articles 
published were from the USA and 30% were from non- 
USA countries.! Of the 662 articles published in the 


TABLE V Reviewers of Eight Manuscripts for the AJC in 
1990 


No. No. Re- 
MSS Re- viewed 
viewed LR BR CR onTime 













oO 


. George A. Beller 

. Richard O. Cannon, Ill 
. Frank A. Finnerty, Jr. 
. William H. Gaasch 

. L. David Hillis 

. Spencer B. King, Ill 

. Frank |. Marcus 

. Franz H. Messerli 

. Robert J. Myerburg 
10, Natesa Pandian 

11. Bramah N. Singh 

12. James T. Willerson 





OANA AKHLWNHeE 
œo œ œ œ œ %0 %0 % % % WO OW 
DOAN œ O O NDO 
oore-o0oc0o0orc0cc0o ©} 


COWOWOANN WWW OO 







o1oo0o°oqoo0oo0o 00 000 0 6 


oO 
5 
nN 
oO 
D 


Totals 96 


(98%) (98%) 


Abbreviations as in Table Il. 


No. No. Re- 
MSS Re- viewed 
viewed CR onTime 










1. Peter F. Cohn 7 
2. Gregory J. Dehmer 
3. Jack Ferlinz 

4. Bernard Gersh 

5. Richard E. Kerber 
6. Robert A. Kloner 

7. Joseph Lindsay, Jr. 
8. Bertram Pitt 

9. Robert Roberts 

10. Nelson B. Schiller 
11. Ralph Shabetai 

12. Pravin M. Shah 

13. Nanette K. Wenger 
14. Howard P. Gutgesel 
15. Lowell W. Perry 


NN NN NN NNN NNOWNN NNN 

NOON ODONNONNNNNN 
WrNOrNOOKF OCOCOOCC SO 
Noococoooooo°e°eo°o°c So 
NNNONNNNNNNNNYNN 






g 


105 


tO 
Ww 


Totals 10 


(89%) (99%) 


Abbreviations as in Table Il. 


Y 





AJC in 1990, 65% were from the USA and 35% were 
from non—-USA countries (Table IX). 

(7) Sources of articles in Cardiology Board Review 
in 1990: A possible means of evaluating the usefulness of 
a journal is to examine the number of its articles reviewed 
in annual or monthly review books or journals. A month- 
ly controlled circulation journal called Cardiology 
Board Review and edited by Dr. Peter F. Cohn contains 







TABLE VII Reviewers of 






Six Manuscripts for the AJC in 1990 
No 


No. Re- 
viewed 
BR CR onTime 


MSS Re- 
Name viewed LR 






. Joseph S. Alpert 

. George A. Diamond 
. Jeffrey M. Hoeg 

. G. B. John Mancini 
. Francis E. Marchlinski 
Arthur J. Moss 

. Robert A. O'Rourke 
. Carl J. Pepine 

. Allan M. Ross 

. Douglas P. Zipes 

. James E. Lock 


FOWOAND OS WNHKe 
DNDDAADAAAAAANA A A 
ADDAIAAAHDAVWAAYA fH 





Foor ocoooooont 





DADS AAAAAVAA A 


— j 





e;jooooceooceco 


Totals 66 62 4 
(94%) (97%) 


Abbreviations as in Table Il. 





TABLE VIII Numbers of Pages and Numbers and Types of 


Articles Published in the American Journal of Cardiology in 
1990 





Number of Pages 3498 
For Articles (Average 4.53 3,001 (85.79%) 
Pages /Article) 


For Readers’ Comments (Number) 
[Number with Replies] 
For Staff, Editorial Board 24 


20(40) (11) 


For Contents in Brief 83 ant (9.03%) 
For Contents with Abstracts 233 (6.66%) ) ~~ 
For Boxed Abstracts in 0 

Advertising Pages 
For Information for Authors 24 
For Abstracts Within Editorial 10 

Pages 
For Volume Indexes 103 (2.94%) 

Number of Articles (Mean / Month) 662 (55 /Month) 

Coronary Artery Disease 205 (30.97%) 
Arrhythmias and Conduction 66 (9.97%) 

Disturbances 
Systemic Hypertension 20 (3.02%) 
Congestive Heart Failure 33 (4.98%) 
Valvular Heart Disease 24 (3.63%) 
Cardiomyopathy 14 (2.11%) 
Congenital Heart Disease 27 (4.08%) 
Methods 14(2.11%) 
Experimental Studies 0(0) 
Historical Studies 2 (0.30%) 
Miscellaneous 43 (6.50%) 
Brief Reports 158 (23.87%) 
Case Reports 23 (3.47%) 
Editorials and Editorial Reviews 25 (3.78%) 
From the Editor Columns 8 (1.21%) 


5 to 12 articles monthly and each is a condensed version 
of an article originally published in a peer-reviewed jour- 
nal. Table X summarizes the journals containing the 
original articles from which the condensed articles were 
derived in 1990. As in 1986, 1987, 1988, and 1989, the 
AJC was the source of the most articles. 

(8) Reminder to authors to supply several names 
of nonlocal nonbiased reviewers for their manuscripts: 
Editors have no monopoly on choosing the best reviewers 
of manuscripts. No one should be more knowledgeable of 
experts in the subject of a manuscript than the authors of 
the manuscript. Thus, I urge authors to supply names— 
preferably 5 and when they are non—board members 
their addresses also—of nonbiased, nonlocal potential 
reviewers of their manuscripts. It is necessary for an 
author to supply several names because almost certainly 
some of the potential reviewers will already have a manu- 
script for review and a second manuscript is not sent to a 
reviewer who already possesses one, unless the second 
manuscript is a brief report or a case report. Currently, in 
only about 20% of manuscripts submitted have authors 
provided names of potential reviewers. After studying for 
several years reviews by reviewers suggested by authors, I 
am impressed that the author-chosen reviewers are of 


TABLE IX Country of Origin of Articles in the AJC in 1990 | 


Country Number (%) of Articles 














1. USA 432 (65%) 
2. Italy 34 (5%) 
3. Canada 33 (5%) 
4. Germany 25 (4%) 
5. Japan 22 (3%) 
6. United Kingdom 20 (3%) 
7. Scandinavia 17 (3%) 
8. Israel 14(2%) 
9. France 12 (2%) 
10. The Netherlands 12 (2%) 
11. Australia 6 (1%) 
12. Belgium 5 (1%) 
13. Others 30 (4%) 





Total 662 (100%) 


TABLE X Sources of Articles Published in Cardiology Board 
Review in 1990 


No. (%) of 


Journal Articles 


22 (29.3%) 

19 (25.3%) 

12 (16.0%) 
7 (9.3%) 
5 (6.7%) 
3 (4.0%) 
3 (4.0%) 


. American Journal of Cardiology 

. Journal of the American College of Cardiology 
. New England Journal of Medicine 

. Circulation 

. American Journal of Medicine 

. American Heart Journal 

. Annals of Internal Medicine 

. Archives of Internal Medicine 3 (4.0%) 
. British Heart Journal 1 (1.3%) 


Total 75 (100%) 


1 
2 
3 
4 
5 
6 
7 
8 
9 
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high quality and that the author-chosen reviewers are not 
more favorable to a manuscript than are editor-selected 
reviewers. Indeed, many manuscripts have been reviewed 
by 1 author-selected reviewer and by | editor-selected 
reviewer and the author-selected reviewer recommended 
rejection and the editor-selected reviewer recommended 
acceptance of the manuscript. 

Questions and comments on other subjects from 
board members follow: 

(1) What was the acceptance rate in the AJC in 
1990? Approximately 38%. A total of 1,725 manuscripts 
were submitted to the AJC in 1990, and 662 manuscripts 
were published in the AJC in 1990. Some manuscripts 
published in 1990, however, had been submitted in 1989, 
and some manuscripts submitted in 1990 were not pub- 
lished until 1991. Thus, I do not know the precise per- 
centage of the 1,725 manuscripts submitted in 1990 
which will be published. The acceptance rate, however, is 
approximately 38%. The acceptance rate is a bit decep- 
tive because many manuscripts initially submitted as 
long reports are published as brief reports. If it were not 
for the brief report section, the acceptance rate would be 
much lower. 

(2) Has there been a readership survey on the de- 
sirability of 2 regular issues of the AJC each month 
versus only | regular issue each month? No. Last year 
was the first year of having 2 regular issues of the AJC 
each month or a total of 24 regular issues in the year. (In 
1989, 22 regular issues were published.) A vote was held 
among board members present and all favored a single 
regular monthly issue over 2 regular issues each month. 
With 24 regular issues each year plus approximately 20 
symposium issues each year, some AJC publication is 
received by a subscriber nearly every week. 

(3) Does it cost more to publish 2 regular issues a 
month compared to publishing only 1 regular issue 
monthly? Yes. The mailing costs, paper costs (covers, 
table of contents, instructions to authors, etc.) are great- 
er, but advertising revenue is greater—not great enough, 
however, to counterbalance the increased publishing ex- 
penses. 

(4) Editorial board members were asked if they 
like the Brief Reports section of the Journal. The 
response was strongly yes. One board member suggested 
having a final summary sentence for each report and this 
suggestion will be acted on. 

(5) What is the lag time currently between accep- 
tance of a manuscript and its publication? At present, 
the period is between 3.5 and 4.0 months. During most of 
1990 it was 4 months. This short lag time, in my view, is 
one of the most attractive features of the AJC to authors. 

(6) Why not publish the Instructions to Authors 
only once in each volume (twice a year)? Currently the 
Instructions are published in each of the 24 regular is- 
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sues. The Instructions occupy a single page and the man- 
aging editor likes to use this page anywhere in the journal 
as “a filler.” Thus, the present policy will stay. 

(7) Add a statement in the Instructions to Authors 
about the policy of submission of manuscripts, de- 
clined by another journal, with the reviews from the 
other journal and the authors responses to them: This 
suggestion is a good one and it will be carried out. I am 
pleased with the policy of making rapid decisions on 
manuscripts declined by other journals. It is incumbent 
upon authors submitting each manuscript, however, to 
respond in detail to each suggestion by the previous re- 
viewers and to submit to the AJC the manuscript initially 
submitted to the previous journal, as well as the revised 
manuscript. Too often, the previous reviews are submit- 
ted to the AJC and only a single manuscript. The authors 
are then asked to submit to the AJC a copy of the 
manuscript initially submitted to the other journal, and 
when it is sent to the AJC it is no different than the 
manuscript initially submitted to the AJC. In other 
words, the authors have totally ignored the suggestions of 
the reviewers and have made no changes in their manu- 
script. This conduct is disrespectful of the review process. 
Virtually all of our manuscripts can be improved by 
responding to reviewers’ suggestions. 

(8) The desirability of reinstituting the policy of 
publishing experimental studies (those involving non- 
human animals) was raised by a board member: Some 
background. From its beginning in 1958 most issues of 
the AJC have contained | or more experimental-type 
articles. In 1983, fifty-two (10%) of the 529 long reports 
(excludes brief reports, case reports and editorials) in the 
AJC were experimental studies. Experimental studies 
comprised 64 (13%) of the 500 long reports in the AJC in 
1984,3 and 49 (11%) of the 432 long reports in 1985.4 In 
1986 only 4 experimental studies were published as long 
reports,” and since that time none has been published. An 
occasional experimental study, however, continues to be 
published in the brief report section of the journal. Al- 
though approximately 10% of the long reports in the 
journal until 1986 were experimental studies, these stud- 
ies occupied a higher percentage of the editorial pages 
because experimental studies tend to be longer than the 
clinical studies. 

In 1982, the first year of the present editorship, ap- 
proximately 1,100 manuscripts were submitted and over 
3,300 pages of articles were published. By 1986, the 
number of manuscripts submitted had risen to approxi- 
mately 1,600 (a 31% increase) and the numbers of edito- 
rial pages available for articles had fallen to approxi- 
mately 2,650 (a 20% decrease). In 1990, the numbers of 
manuscripts submitted had further risen to 1,725, but the 
number of pages for articles had increased to 3,001.6 The 
decision to eliminate the publication of experimental 





studies in 1986 was made because of the increased vol- 
ume of manuscripts submitted along with the decreased 
numbers of editorial pages available, and the knowledge 
that the experimental studies were in general the longest 
manuscripts and the ones least read according to reader- 
ship surveys. Thus, the AJC since 1986 has been a purely 
clinical journal. 

The other 3 major USA paid-subscription cardiology 
journals publish many experimental-type manuscripts.® 
Of the 419 long reports (excludes 109 editorials) pub- 
lished in Circulation in 1990, one hundred and thirty- 
two (32%) were experimental studies; of the 393 long 
reports (excludes 141 editorials and 6 case reports) pub- 
lished in the Journal of the American College of Car- 
diology in 1990, fifty (13%) were experimental studies; 
and of the 300 long reports (excludes 168 case reports, 12 
brief reports, and 9 editorials) published in the American 
Heart Journal in 1990, 29 (10%) were experimental 
studies.° The percentage of pages occupied by the experi- 
mental studies in these 3 cardiology journals was greater 
than the percentage of articles composed of these studies. 
In contrast to The American Journal of Cardiology 
(and also the American Heart Journal), both Circula- 
tion and the Journal of the American College of Car- 
diology have a substantial automatic readership base (I 
believe about 18,000) because these 2 journals are re- 
ceived by members of their respective societies (Ameri- 
can Heart Association and American College of Cardiol- 
ogy) as part of the membership dues. The readers of the 
AJC, in contrast, subscribe to the journal because they 
like what they find in it, and it is difficult, in my view, to 
keep a substantial readership base (22,000—approxi- 
mately the same as Circulation and the Journal of the 
American College of Cardiology) by publishing experi- 
mental studies. 

Suggestions by board members included limiting the 
number of experimental studies published in the AJC to 
2 per month, limiting of the length of experimental-type 
manuscripts, and processing for review only those experi- 
mental-type manuscripts that had clearly clinically appli- 
cable implications, and returning without review the oth- 
er experimental-type manuscripts submitted. 


A show of hands indicated that approximately 60% of 
board members present favored the reinstitution of publi- 
cation of experimental studies as long reports and that 
approximately 40% favored the present policy of not 
publishing experimental studies (except in the brief re- 
port section of the journal). At the reception following 
the meeting, many board members encouraged me to 
continue the present policy: “Do not meddle with suc- 
cess”; “keep it a purely clinical journal”; “if a written 
ballot had been taken at the meeting, the present policy 
would have won.” After considerable thought, I plan to 
continue with the present policy because the editorial 
pages allocated for 1991 will not be quite as large as 
1990; the content per page will decrease beginning April 
1991 for the publisher has decided to increase the size of 
the type which will decrease the number of columns and 
words per column; the number of manuscripts submitted 
probably will continue to rise, and maintaining an ex- 
tremely short lag time between manuscript acceptance 
and publication will be far more difficult if the door is 
opened to experimental-type manuscripts which are usu- 
ally long. I would welcome comments from readers on 
this or other topics. 

The meeting was adjourned to a reception provided 
by the publisher. 


JW lic. C KA 


William Clifford Roberts, MD 
Editor in Chief 
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Instructloris to Authors 


Manuscripts are received with the understanding that they are sub- 
mitted solely to THE AMERICAN JOURNAL OF CARDIOLO- 
GY, that upon submission, they become the property of the Pub- 
lisher, that the work has not been previously published, and that 
the data in the manuscript have been reviewed by all authors, who 
agree with the analysis of the data and the conclusions reached in 
the manuscript. The Publisher reserves copyright and renewal on 
all published material, and such material may not be reproduced 
without the written permission of the Publisher. Statements in arti- 
cles are the responsibility of the authors. 

ADDRESS MANUSCRIPTS TO: William C. Roberts, MD, Editor 
in Chief, THE AMERICAN JOURNAL OF CARDIOLOGY, 
7960 Old Georgetown Road, Suite 2C, Bethesda, Maryland 20814. 
Please include the corresponding author’s phone number. The cover 
letter should state precisely and concisely the significance and 
uniqueness of the work in the authors’ view. The authors may state 
the extent of any concessions they are readily prepared to make 
(for example, the elimination of 1 or more figures or tables or a 
portion of the text) to increase the likelihood of publication of their 
work in the Journal. Several names and addresses should be pro- 
vided of nonlocal experts who, in the authors’ view, could provide 
objective and informed reviews of their work. The names of investi- 
gators considered unlikely by the authors to give nonbiased reviews 
of their work also may be submitted. This request is honored. 

Submit 3 copies (1 original and 2 copies) of the entire manu- 
script including text, references, figures, legends and tables. Study 
recent past issues of the Journal for format. Arrange the paper as 
follows: (1) title page, which should include the title, the full names 
and academic degrees of the authors, and the institution and city 
and state or city and country from which the work originated; (2) 
second title page, with only the title of the article (page not num- 
bered); (3) abstract; (4) text; (5) acknowledgment; (6) references; 
(7) figure legends; (8) miniabstract for Table of Contents that in- 
cludes the full title and names (without academic degrees) of the 
authors (page not numbered); and (9) tables. Number the title 
page as 1, abstract page as 2, and so forth. (Leave the second title 
page and the miniabstract page unnumbered.) Type on 22 X 28 cm 
(8.5 X 11 inch) paper, on 1 side only of each sheet, double-spaced 
(including references) with at least 25-mm (1-inch) margins. 

The second title page, which omits the names and institutions of 
authors, gives the Editor in Chief the option of acquiring blinded or 
nonblinded reviews. References to the institution in the text or to 
the author’s previous work in the Reference section must be deleted 
or written in a manner that prevents identification of authors and 
institution. Label figures with the manuscript title rather than the 
authors’ names so that blinded reviews can be solicited. Authors 
should state which type of review they wish in the cover letter. 

TITLE PAGE, ABSTRACT AND MINIABSTRACT: For the com- 
plete title page, include the full first or middle and last names of all 
authors. List the institution and address from which the work origi- 
nated, and provide information about grant support if necessary. If 
the work described is supported by a grant from a pharmaceutical 
company, that fact should be stated on the title page. Add at the 
bottom the phrase, “Address for reprints:” followed by full name 
and address with zip code. Add a 2- to 4-word running head. Limit 
the abstract to 250 words and the Table of Contents miniabstract to 
150 words. List 2 to 6 key words for subject indexing at the end of 
the abstract or Brief Report. 

STYLE: Use appropriate subheadings throughout the body of the 
text, such as the Methods, Results and Discussion. Tables, figures 
and references should be mentioned in numerical order throughout 
manuscript. Abbreviations are permitted, but no more than 3 per 
manuscript, and then they must be used on every page of the manu- 
script after they are initially spelled out (followed by the abbrevia- 
tion) in both abstract and introduction. Abbreviations are usually 
limited to terms in the manuscript’s title. Use generic names of 
drugs. Do not spell out any number, including those less than 10, 

hen used for opening a sentence, but try not to begin sen- 
»“tenves*with numbers. Use symbols for less than (<), greater than 
‘Cy and pefgent (%). Indent for paragraphs except the first one in 
‘both abstract and introduction. Consult the Uniform Requirements 
+ for Manuscripts Submitted to Biomedical Journals, published in 
\ The Annals of Internal Medicine June 1982;96:766-771, and also 
-_ the Stylebook/Editorial Manual of the AMA. 
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REFERENCES: L ist all authors, year, volume and inclusive pages 
for all journal references, and specific page numbers for all book 
references as shown below. Avoid referencing abstracts, but if they 
are used, indicate them as such by the abbreviation (abstr) after 
the title. Do not use periods after authors’ initials or after abbrevia- 
tions for titles of journals. Check Index Medicus or Annals of In- 
ternal Medicine (June 1982) as cited above for journal titles and 
abbreviations. Personal communications, unpublished observations 
and manuscripts submitted but not yet accepted for publication do 
not constitute references. 


Journal: Harvey W, Heberden W, Withering W, Stokes W, 
Murrell W, Einthoven W, Osler W. Anomalies and curiosities 
of cardiology and of cardiologists. Reflections of famous med- 
ical Williams. Am J Cardiol 1984;53:900-915. 


Chapter in Book: Cabot RC, White PD, Taussig HB, Levine 
SA, Wood P, Friedberg CK, Nadas AS, Hurst JW, Braun- 
wald E. How to write cardiologic textbooks. In: Hope JA, ed. 
A Treatise on Disease of the Heart and Great Vessels. Lon- 
don: Yorke Medical Books, 1984:175-200. 


Book: Carrel A, Cutler EC, Gross RE, Blalock A, Craffoord 
C, Brock RC, Bailey CP, DeBakey ME. The Closing of 
Holes, Replacing of Valves and Inserting of Pipes, or How 
Cardiovascular Surgeons Deal with Knives, Knaves and 
Knots. New York: Yorke University Press, 1984:903. 


FIGURES: Submit 3 glossy unmounted prints of each photograph 
and drawing. Artwork of published articles will not be returned 
unless requested. Use black ink for all charts (line drawings). Use 
arrows to designate special features. Crop photographs to show 
only essential fields. Identify figures on back by title of the article; 
omit the authors’ names so that blinded reviews can be obtained. 
Number figures in the order in which they are mentioned in the 
text. Indicate the top of each figure. Submit written permission 
from the publisher and author to reproduce any previously pub- 
lished figures. Limit figures to the number necessary to present the 
message clearly. Type figure legends on a separate page, double- 
spaced, Identify at the end of each legend and in alphabetical order 
all abbreviations in the figure. The cost of color reproduction must 
be paid by the author. 

TABLES: Place each table on a separate page, typed double- 
spaced. Number each table in Roman numerals (Table I, II, etc.) 
and title each table. Identify in alphabetical order at the bottom of 
the table all abbreviations used. When tabulating numbers of pa- 
tients, use no more than 2 lines, preferably only | line, per patient. 
Use a plus sign (+) to indicate “positive” or “present,” a zero (0) 
for “negative” or “absent,” and dash (—) for “no information 
available” or “not done.” Do not use “yes” or “no” or “none.” 

BRIEF REPORTS and CASE REPORTS: Brief Reports and Case 
Reports must be limited to no more than 4 text pages (including 
the title page) and 6 references. Longer ones may be returned with- 
out review. Neither an abstract nor a Table of Contents mini- 
abstract is required for a Brief or a Case Report. Subheadings are 
not used. 

READERS’ COMMENTS: The author who submits a letter for 
consideration for publication should provide a cover letter on his/ 
her own stationery to the Editor in Chief stating why the letter 
should be published. The letter (as well as references) for consider- 
ation for publication should be typed, double-spaced, on a separate 
sheet of plain white paper and limited, with few exceptions, to 2 
pages. The original and 2 copies should be submitted. A title for 
the letter should be provided at the top of the page. At the end of 
the letter, the writer’s full name and city and state (or country if 
outside the US) should be provided. The author’s title and institu- 
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CORONARY ARTERY DISEASE 


1039 

Prevalence of Lipoprotein (a) [Lp(a)] Excess in Coronary 
Artery Disease 

Jacques Genest, Jr., Jennifer L. Jenner, Judith R. McNamara, Jose M. 
Ordovas, Steven R. Silberman, Peter W. F. Wilson, and Ernst J. Schaefer 


Lipoprotein (a) [Lp(a)] is composed of 1 low-density lipoprotein particle, 
to which 1 molecule of apolipoprotein (a) is covalently linked. Plasma 
levels of Lp(a) were determined in 180 patients (150 men and 30 women) 
with angiographically documented coronary artery disease (CAD) and in 
459 control subjects (276 men and 183 women); the prevalence of familial 
Lp(a) excess was also assessed in the families of 102 patients with CAD. 
Patients with CAD had higher Lp(a) levels than control subjects (1921 
vs 13 + 15 mg/dl, p <0.001). The prevalence of Lp(a) excess was 17% in 
patients with CAD (p <0.05). Stepwise discriminant analysis revealed 
that Lp(a) was an independent risk factor for the presence of CAD in men. 
Family studies revealed that Lp(a) levels are strongly genetically deter- 
mined. Spearman rank correlations for Lp(a) levels between proband- 
spouse (r = —0.004, p = 0.948) and midparent—midoffspring (r = 0.580, 
p <0.001) indicate that Lp(a) levels are largely genetically determined. 
Our data indicate that Lp(a) is a common genetic disorder in patients with 
premature CAD and that it is highly heritable. In addition, Lp(a) levels 
are independent of other lipoprotein parameters. 


1046 
Effects of Nonionic Versus lonic Contrast Media on 
Complications of Percutaneous Transluminal Coronary 
Angioplasty 

Nicholas J. Lembo, Spencer B. King, Ill, Gary S. Roubin, Alexander J. 
Black, and John S. Douglas, Jr. 





To evaluate the effect of contrast agents on percutaneous transluminal 
coronary angioplasty (PTCA) complications, we prospectively random- 
ized 913 patients undergoing 1,058 separate PTCA procedures to receive 
either nonionic iopamidol (Isovue-370®) (n = 507 PTCA procedures) or 
ionic contrast media, meglumine sodium diatrizoate (Renografin-76®) (n 
= 551 PTCA procedures). The incidence of marked bradycardia, hypo- 
tension and allergic reactions were similar between groups. The overall 
incidence of ventricular tachycardia or fibrillation, or both, during the 
procedure occurred less frequently when iopamidol was used, compared 
with diatrizoate (1 vs 2.5%, p = 0.045). There were no differences in 
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hospital complications (myocardial infarction, emergency coronary artery 
bypass grafting, or death) between the 2 groups. We conclude that in 
patients undergoing PTCA, iopamidol (Isovue-370®), compared with 
meglumine sodium diatrizoate (Renografin-76®), reduces the overall inci- 
dence of serious ventricular arrhythmias but not the incidence of myocar- 
dial infarction, surgery or death. 


1051 
Results of Multivessel Percutaneous Transluminal Coronary 
Angioplasty in Persons Aged 65 Years and Older 

John B. Bedotto, Barry D. Rutherford, David R. McConahay, Warren L. 
Johnson, Lee V. Giorgi, Thomas M. Shimshak, James H. O'Keefe, Robert 
W. Ligon, and Geoffrey O. Hartzler 





Over a 10-year period, 1,373 patients aged 265 years underwent 1,640 
multivessel percutaneous transluminal coronary angioplasty (PTCA) pro- 
cedures. A total of 52 patients (3.2%) had a major in-hospital complica- 
tion: 27 patients (1.6%) died, 24 (1.4%) had a Q-wave myocardial infarc- 
tion and 14 (0.8%) underwent emergent coronary artery bypass grafting 
(CABG). Ejection fraction <40%, 3-vessel disease, female gender, and 
PTCA performed between 1981 and 1985 were independent predictors of 
mortality. Actuarial survival was 92% at 1 year, 86% at 3 years and 78% 
at 5 years. Survival was better in those with 2- versus 3-vessel disease and 
in those with complete revascularization. These data indicate that mul- 
tivessel PTCA is an effective and safe alternative to CABG in the elderly. 


1056 
Outcome After Major Dissection During Coronary Angioplasty 
Using the Perfusion Balloon Catheter 

Mark L. Leitschuh, Roger M. Mills, Jr., Alice K. Jacobs, Nicholas A. 
Ruocco, Jr., David LaRosa, and David P. Faxon 





To evaluate the effectiveness of the perfusion balloon catheter in the 
treatment of major coronary dissections after balloon angioplasty, we 
retrospectively compared 36 consecutive patients in whom perfusion bal- 
loon catheters were used with 46 consecutive patients in whom convention- 
al balloon catheters were used. Angiographic success was significantly 
improved (84 vs 62%), whereas complications were reduced (48 vs 74%). 
The most striking reduction was in periprocedural myocardial infarction 
(14 vs 40%), with a reduced need for emergency bypass surgery (11 vs 
25%). Thus, the perfusion balloon catheter was effective in the manage- 
ment of major coronary artery dissections after percutaneous transluminal 
coronary angioplasty. 


1061 
Correlation of Quantitative Angiographic Parameters with 
Changes in Left Ventricular Diastolic Function After 
Angioplasty of the Left Anterior Descending Coronary Artery 
Wing-Hung Leung and Chu-Pak Lau 





A study was undertaken to evaluate the changes in left ventricular diastol- 
ic filling after percutaneous transluminal coronary angioplasty and the 
relation of such changes to quantitative angiographic measurements of 
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LANOXIN” (oicoxm TABLETS 


125 pg (0.125 mg) Scored |.D. Imprint Y3B (yellow) 
250 pug (0.25 mg) Scored |.D. Imprint X3A (white) 
500 ug (0.5 mg) Scored |.D. Imprint T9A (green) 


Before using Lanoxin Tablets, the physician should be thoroughly familiar with the basic pharmacology of 
this drug as well as its drug interactions, indications, and usage. 


DESCRIPTION: Lanoxin is digoxin, one of the cardiac (or digitalis) glycosides, a closely related group of drugs having 
in common specific effects on the myocardium. 


INDICATIONS AND USAGE: 

Heart Failure: Theincreased cardiac output resulting from the inotropic action of digoxin ameliorates the disturbances 
characteristic of heart failure (venous congestion, edema, dyspnea, orthopnea and cardiac asthma). 

Digoxin is more effective in ‘‘low output" (pump) failure than in “high output’ heart failure secondary to arteriovenous 
fistula, anemia, infection or hyperthyroidism. 

Digoxin is usually continued after failure is controlled, unless some known precipitating factor is corrected. Studies 
have shown, however, that even though hemodynamic effects can be demonstrated in almost all patients, correspond- 
ing improvement inthe signs and symptoms of heart failure is not necessarily apparent. Therefore, in patients in whom 
digoxin may be difficult to regulate, or in whom the risk of toxicity may be great (e.g. , patients with unstable renal func- 
tion or whose potassium levels tend to fluctuate) a cautious withdrawal of digoxin may be considered. If digoxinis discon- 
tinued, the patient should be regularly monitored for clinical evidence of recurrent heart failure. 


CONTRAINDICATIONS: Digitalis glycosides are contraindicated in ventricular fibrillation. 

Inagiven patient, an untowardeffect requiring permanent discontinuation of other digitalis preparations usually con- 
stitutes a contraindication to digoxin. Hypersensitivity to digoxin itself is acontraindication toits use. Allergy to digox- 
in, though rare, does occur. It may not extend to all such preparations, and another digitalis glycoside may be tried 
with caution. 

WARNINGS: Digitalis alone or with other drugs has been used in the treatment of obesity. This use of digoxin or other 
digitalis glycosides is unwarranted. Moreover, since they may cause potentially fatal arrhythmias or other adverse ef- 
fects, the use of these drugs solely for the treatment of obesity is dangerous. 


Anorexia, nausea, vomiting and arrhythmias may accompany heart failure or may be indications of digitalis intoxica- 
tion, Clinical evaluation of the cause of these symptoms should be attempted before further digitalis administration. 
In such circumstances determination of the serum digoxin concentration may be an aid in deciding whether or not 
digitalis toxicity is likely to be present. If the possibility of digitalis intoxication cannot be excluded, cardiac glycosides 
should be temporarily withheld, if permitted by the clinical situation. 

Joya with renal insufficiency require smaller than usual maintenance doses of digoxin (see DOSAGE AND ADMINISTRA- 
TION section). 

Heart failure accompanying acute glomerulonephritis requires extreme care in digitalization. Relatively low loading 
and maintenance doses and concomitant use of antihypertensive drugs may be necessary and careful monitoring is 
essential. Digoxin should be discontinued as soon as possible. 

Patients with severe carditis, such as carditis associated with rheumatic fever or viral myocarditis, are especially sen- 
Sitive to digoxin-induced disturbances of rhythm. 

Newborn infants display considerable variability in their tolerance to digoxin. Premature and immature infants are par- 
ticularly sensitive, and dosage must not only be reduced but must be individualized according to their degree of maturity. 
Note: Digitalis glycosides are an important cause of accidental poisoning in children. 


PRECAUTIONS: 

General: Digoxin toxicity develops more frequently and lasts longer in patients with renal impairment because of the 
decreased excretion of digoxin. Therefore, it should be anticipated that dosage requirements will be decreased in pa- 
tients with moderate to severe renal disease (see DOSAGE AND ADMINISTRATION section). Because of the prolonged 
half-life, a longer period of time is required to achieve an initial or new steady-state concentration in patients with renal 
impairment than in patients with normal renal function. 

In patients with hypokalemia, toxicity may occur despite serum digoxin concentrations within the "normal range,” 
because potassium depletion sensitizes the myocardium to digoxin. Therefore, itis desirabie to maintain normal serum 
potassium levels in patients being treated with digoxin. Hypokalemia may result from diuretic, amphotericin B or cor- 
ticosteroid therapy, and from dialysis or mechanical suction of gastrointestinal secretions. It may also accompany mainutri- 
tion, diarrhea, prolonged vomiting, old age and long-standing heart failure. In general, rapid changes in serum potassium 
or other electrolytes should be avoided, and intravenous treatment with potassium should be reserved for special cir- 
cumstances as described below (see TREATMENT OF ARRHYTHMIAS PRODUCED BY OVERDOSAGE section). 
Calcium, particularly when administered rapidly by the intravenous route, may produce serious arrhythmias in digitalized 
patients. Hypercalcemia from any cause predisposes the patient to digitalis toxicity. On theother hand, hypocalcemia 
can nullify the effects of digoxin in man; thus, digoxin may be ineffective until serum calcium is restored to normal. 
These interactions are related to the fact that calcium affects contractility and excitability of the heart in a manner similar 
to digoxin. 

Hypomagnesemia may predispose to digitalis toxicity. If low magnesium levels are detected in a patient on digoxin, 
replacement therapy should be instituted. 

Quinidine, verapamil, and amiodarone cause a rise in serum digoxin concentration, with the implication that digitalis 
intoxication may result. This rise appears to be proportional to the dose. The effect is mediated by a reduction in the 
digoxin clearance and, in the case of quinidine, decreased volume of distribution as well 

Certain antibiotics may increase digoxin absorption in patients who convert digoxin to inactive metabolites in the gut 
(see Pharmacokinetics portion of the CLINICAL PHARMACOLOGY section). Recent studies have shown that specific 
colonic bacteriain the lower gastrointestinal tract convert digoxin to cardioinactive reduction products, thereby reducing 
its bioavailability. Although inactivation of these bacteria by antibiotics is rapid, the serum digoxin concentration will 
rise at a rate consistent with the elimination half-life of digoxin. The magnitude of rise in serum digoxin concentration 
relates to the extent of bacterial inactivation, and may be as much as two-fold in some cases. 

Patients with acute myocardial infarction or severe pulmonary disease may be unusually sensitive to digoxin-induced 
disturbances of rhythm. 

Atrial arrhythmias associated with hypermetabolic states (e.g. hyperthyroidism) are particularly resistant to digoxin 
treatment. Large doses of digoxin are not recommended as the only treatment of these arrhythmias and care must be 
taken to avoid toxicity if large doses of digoxin are required. In hypothyroidism, the digoxin requirements are reduced. 
Digoxin responses in patients with compensated thyroid disease are normal. 

Reduction of digoxin dosage may bedesirable prior to electrical cardioversion to avoid induction of ventricular arrhythmias, 
but the physician must consider the consequences of rapid increase in ventricular response toatrial fibrillation if digoxin 
is withheld 1 to 2 days prior to cardioversion. If there is a suspicion that digitalis toxicity exists, elective cardioversion 
should be delayed. If it is not prudent to delay cardioversion, the energy level selected should be minimal at first and 
carefully increased in an attempt to avoid precipitating ventricular arrhythmias. 

Incomplete AV biock, especially in patients with Stokes-Adams attacks, may progress to advanced or complete heart 
block if digoxin is given. 

In He ae with sinus node disease (i.e. Sick Sinus Syndrome), digoxin may worsen sinus bradycardia or sino- 
atrial block. 

In patients with Wolff-Parkinson-White Syndrome and atrial fibrillation, digoxin can enhance transmission of impulses 
through the accessory pathway. This effect may result in extremely rapid ventricular rates and even ventricular fibrillation. 
Digoxin may worsen the outflow obstruction in patients with idiopathic hypertrophic subaortic stenosis (IHSS). Unless 
cardiac failure is severe, it is doubtful whether digoxin should be employed. 

Patients with chronic constrictive pericarditis may fail to respond to digoxin. In addition, slowing of the heart rate by 
digoxin in some patients may further decrease cardiac output. 

oneal with heart failure from amyloid heart disease or constrictive cardiomyopathies respond poorly to treatment 
with digoxin. 

Digoxin is not indicated for the treatment of sinus tachycardia unless it is associated with heart failure. 

Digoxin may produce false positive ST-T changes in the electrocardiogram during exercise testing. 

Intramuscular injection of digoxin is extremely painful and offers no advantages unless other routes of administration 
are contraindicated. 


Laboratory Tests: Patients receiving digoxin should have their serum electrolytes and renal function (BUN and/or serum 
creatinine) assessed periodically; the frequency of assessments will depend on the clinical setting. For discussion 
of serum digoxin concentrations, see DOSAGE AND ADMINISTRATION section in the complete prescribing information. 
Drug Interactions: Potassium-depleting corticosteroids and diuretics may be major contributing factors to digitalis 
toxicity. Calcium, particularly if administered rapidly by the intravenous route, may produce serious arrhythmias in 
aim patients. Quinidine, verapamil, and amiodarone cause arise in serum digoxin concentration, with the im- 
plication that digitalis intoxication may result. Certain antibiotics increase digoxin absorption in patients who inac- 
tivate digoxin by bacterial metabolism in the lower intestine, so that digitalis intoxication may result. Propantheline 
and diphenoxylate, by decreasing gut motility, may increase digoxin absorption. Antacids, kaolin-pectin, sulfasalazine, 
neomycin, cholestyramine and certain anticancer ong may interfere with kmra t:l k absorption, resulting in 
unexpectedly low serum concentrations. There have been inconsistent reports regarding the effects of other drugs 
on the serum digoxin concentration. Thyroid administration to a digitalized, hypothyroid patient may increase the dose 
requirement of digoxin. Concomitant use of digoxin and sympathomimetic increases the riskof cardiac arrhythmias 
because both enhance ectopic pacemaker activity. Succiny/choline may cause a sudden extrusion of potassium from 
muscle cells, and may thereby cause arrhythmias in digitalized patients. Although 8 adrenergic blockers or calcium 
channel blockers and digoxin may be useful in combination to contro! atrial fibrillation, their additive effects on AV node 
conduction can result in complete heart block. 


Due to the considerable variability of these interactions, digoxin dosage should be carefully individualized when pa- 
tients receive coadministered medications. Furthermore, caution should be exercised when combining digoxin with 
any drug that may cause a significant deterioration in renal function, since this may impair the excretion of digoxin. 
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Carcinogenesis, Mutagenesis, Impairment of Fertility: There have been no long-term studies performed in animals — 
to evaluate carcinogenic potential. 
Pregnancy: Teratogenic Effects: Pregnancy Category C. Animal reproduction studies have not been conducted with | 
digoxin. It is also not known whether digoxin can cause fetal harm when administered to a pregnant woman or can 
affect reproduction capacity. Digoxin should be given to a pregnant woman only if clearly needed. 3 


Nursing Mothers: Studies have shown that digoxin concentrations in the mother’s serum and milk are similar. Howey ia 
er, the estimated daily dose to a nursing infant will be far below the usual infant maintenance dose. Therefore, this — 
amount should have no pharmacologic effect upon the infant. Nevertheless, caution should be exercised when digox- 

in is administered to a nursing woman. 


ADVERSE REACTIONS: The frequency and severity of adverse reactions to digoxin depend on the dose and route of E 
administration, as well as on the patient's underlying disease or concomitant therapies (see PRECAUTIONS section 
and Serum Digoxin Concentrations subsection of DOSAGE AND ADMINISTRATION). The overall incidence of adverse — 
reactions has been reported as 5 to 20%, with 15 to 20% of them being considered serious (one to four percent of pa- — 
tients receiving digoxin). Evidence suggests that the incidence of nome has decreased since the introductionofthe 
serum digoxin assay and improved standardization of digoxin tablets. Cardiac toxicity accounts for about one-half, 
gastrointestinal disturbances for about one-fourth, and CNS and other toxicity for about one-fourth of these adverse 
reactions. 

Adults: 

Cardiac—Unifocal or multiform ventricular premature contractions, especially in bigeminal or trigeminal patterns, are 
the most common arrhythmias associated with digoxin toxicity in adults with heart disease. , 
Ventricular tachycardia may result from digitalis toxicity. Atrioventricular (AV) dissociation, accelerated junctional (nodal) 
rhythm and atrial tachycardia with block are also common arrhythmias caused by digoxin overdosage. f 
Excessive slowing of the pulse is a clinica! sign of digoxin overdosage. AV block (Wenckebach) of increasing degree 
may proceed to complete heart block. 
Note: The electrocardiogram is fundamental in determining the presence and nature of these cardiac disturbances. 
Digoxin may also induce other changes in the ECG (e.g. PR prolongation, ST depression), which represent digoxin — 
effect and may or may not be associated with digitalis toxicity. y 
Gastrointestinal—Anorexia, nausea, vomiting and less commonly diarrhea are common early symptoms of overdosage. 
However, uncontrolled heart failure may alse produce such symptoms. Digitalis toxicity very rarely may cause abdominal 
pain and hemorrhagic necrosis of the intestines: s 
CNS—Visual disturbances (blurred or yellow vision), headache, weakness, dizziness, apathy and psychosis canoccur. — 
Other—Gynecomastia is occasionally observed. Maculopapular rash or other skin reactions are rarely observed. 
Infants and Children: Toxicity differs from the adult in a number of respects. Anorexia, nausea, vomiting, diarrhea 
and CNS disturbances may be present but are rare as initial symptoms in infants. Cardiac arrhythmias are more reliable 4 
signs of toxicity. Digoxin in children may produce any arrhythmia. The most commonly encountered are conduction — 
disturbances or supraventricular tachyarrhythmias, such as atrial tachycardia with or without block, and junctional 
(nodal) tachycardia. Ventricular arrhythmias are less common. Sinus bradycardia may also be a sign of impending — 
digoxin intoxication, especially in infants, even in the absence of first degree heart block. Any arrhythmiaor alteration - 
in cardiac conduction that develops in achild taking digoxin shouldinitially be assumed to be aconsequence of digox- 
in intoxication. y 


OVERDOSAGE: Py 
Treatment of Arrhythmias Produced by Overdosage: if 
Adults: Digoxin should be discontinued until all signs of toxicity are gone. Discontinuation may beall thatis necessary E 
it toxic manifestations are not severe and appear only near the expected time for maximum effect of the drug. ! 
Correction of factors that may contribute to toxicity such as electrolyte disturbances, hypoxia, acid-base disturbances - 
and removal of aggravating agents such as catecholamines, should also be considered. Potassium salts may be in- 
dicated, particularly if hypokalemia is present. Potassium administration may be dangerous in the setting of massive 
digitalis overdosage (see Massive Digitalis Overdosage subsection below). Potassium chloride in divided oral doses l 
totaling 3 to 6 grams of the salt (40 to 80 mEq K+) for adults may be given provided renal function is adequate (see — j| 
below for potassium recommendations in Infants and Children). s 
When correction of the arrhythmia is urgent and the serum potassium concentration is low or normal, potassium should 
be administered intravenously in 5% dextrose injection. For adults, a total of 40 to 80 mEq (diluted to a concentration % 
of 40 mEq per 500 mL) may be given at a rate not exceeding 20 mEq per hour, or slower if limited by pain due to local — 
irritation. Additional amounts may be given if the arrhythmia is uncontrolled and potassium well-tolerated. ECG monitoring 
should be performed to watch for any evidence of potassium toxicity (e.g. peaking of T waves) andto observe the effect | 
on the arrhythmia. The infusion may be stopped when the desired effect is achieved. f 
Note: Potassium should not be used and may be dangerous in heart block due to digoxin, unless primarily related to f 
supraventricular tachycardia. dl 
Other agents that have been used for the treatment of digoxin intoxication include lidocaine, procainamide, propranolol 4 
and phenytoin, although use of the latter must be considered experimental. In advanced heart block, atropine and/or 
temporary ventricular pacing may be beneficial. Digibind®, Digoxin Immune Fab (Ovine), can be used to reverse potentially i 
life-threatening digoxin (or digitoxin) intoxication. Improvement in signs and symptoms of digitalis toxicity usually E 
begins within Ye hour of Digibind administration. Each 40 mg vial of Digibind will neutralize 0.6 mg of digoxin (which. E 
is a usual body store of an adequately digitalized 70 kg patient). ma 
Infants and Children: See Adult section for general recommendations for the treatment of arrhythmias produced by É 
overdosage and for cautions regarding the use of potassium. 

if a potassium preparation is used to treat toxicity, it may be given orally in divided doses totaling 1 to 1.5 mEq K+ _ 
per kilogram (kg) body weight (1 gram of potassium chloride contains 13.4 mEq K+) fe 
When correction of the arrhythmia with potassium is urgent, approximately 0.5 mEq/kg of potassium per hour may 
be given intravenously, with careful ECG monitoring. The intravenous solution of potassium should be dilute enough — 
to avoid local irritation; however, especially in infants, care must be taken to avoid intravenous fluid overload. 


DOSAGE AND ADMINISTRATION: Recommended ee are average values that may require considerable modification 
because of individual sensitivity or associated conditions. Diminished renal function is the most important factor re- i 
j 
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quiring modification of recommended doses. 

In deciding the dose of digoxin, several factors must be considered: 

1. The disease being treated. Atrial arrhythmias may require larger doses than heart failure. 

2. The body weight of the patient. Doses should be calculated based upon lean or ideal body weight. 

3. The patient's renal function, preferably evaluated on the basis of creatinine clearance. 

4. Age is an important factor in infants and children. 

5. Concomitant disease states, drugs or other factors likely to alter the expected clinical response to digoxin (see PRECAU- _ 
TIONS and Drug Interactions sections). 


Consult complete product information before prescribing. 


References: 1. The Captopril-Digoxin Multicenter Research Group. Comparative effects of therapy with captopril 
and digoxin in patients with mild to moderate heart failure. JAMA. 1988:259:539-544. 2. DiBianco R, Shabetai R, 
Kostuk W, Moran J, Schlant RC, Wright R. A comparison of oral milrinone, digoxin, and their combination in the 

treatment of patients with chronic heart failure. N Engi J Med. 1989;320:677-683. 3. Guyatt GH, Sullivan MJJ, Fallen 
EL, et al. A controlled trial of digoxin in congestive heart failure. Am J Cardiol. 1988;61:371-375. 4 papel M, — 

Hall V, Lakier JB, Goldstein S. Comparative hemodynamic and neurohormonal effects of intravenous captopril and 
a and their combinations in patients with severe heart failure. J Am Coll Cardiol. 1989;13:134-142. 5. Arnold 
SB, Byrd RC, Meister W, et al. Long-term digitalis therapy ei left ventricular function in heart failure. N Engl J ~ 
Med. 1980;303:1443-1448. 6. Alicandri C, Fariello R, Boni E, Zaninelli A, Muiesan G. Comparison of captopril and 
digoxin in mild to moderate heart failure. Postgrad Med J. 1986:62(supp! 1):170-175. - 
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coronary lesion severity. Pulsed Doppler echocardiographic measure- 
ments of left ventricular diastolic filling were performed in 40 patients 
with single left anterior descending artery lesion before, and 10 and 30 
days after coronary angioplasty. Minimal luminal diameter and percent 
diameter stenosis of lesions were measured by computer-assisted quantita- 
tion. Results showed that left ventricular diastolic filling improved gradu- 
ally after angioplasty. The magnitudes of the changes in diastolic filling 
correlate significantly with the quantitative parameters of lesion severity, 
with minimal luminal diameter showing better correlation than percent 
diameter stenosis. 
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Waking and Rising at Night as a Trigger of Myocardial 
ischemia 

Joan Barry, Stephen Campbell, Alan C. Yeung, Khether E. Raby, and 
Andrew P. Selwyn 


Increased activity of myocardial ischemia occurs during the first 2 to 4 

waking hours. There is speculation that rising is an important trigger. To j 
examine this potential trigger we examined distinct episodes of nocturnal 
rising and its relation to active transient myocardial ischemia in patients 

with known coronary artery disease (CAD). One hundred thirteen pa- 

tients with a positive exercise tolerance test and CAD were studied using 

continuous monitoring of the electrocardiogram without antianginal med- 

ications. Diaries of symptoms and activities were kept. Approximately 

one-fourth of the patients in this study had ischemia at night. Waking and 

rising at night was highly associated with an ischemic event. In addition, 

patients with nocturnal ischemia had more severe clinical signs of CAD. 

An increase in heart rate preceded the onset of ischemia starting at 

approximately 30 minutes before each event. Waking and rising appear to 

be a common activity that triggers ischemia in the morning and at night. 


i a es AES hae E CR 
Detection of Silent Myocardial Ischemia in Diabetes Mellitus 
Anatoly Langer, Michael R. Freeman, Robert G. Josse, George Steiner, 
and Paul W. Armstrong 


The prevalence of silent myocardial ischemia and its relation to autonomic 
dysfunction and pain threshold was studied in 58 diabetic male subjects 
who had no cardiac symptoms. Silent myocardial ischemia was detected in 
10 patients (17%) and was significantly more frequent in patients with 
than without autonomic dysfunction (38 vs 5%, p = 0.003). We conclude 
that silent myocardial ischemia in asymptomatic diabetic men occurs 
frequently and in association with autonomic dysfunction, suggesting that 
diabetic neuropathy may be implicated in the mechanism of silent myo- 
cardial ischemia. 
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Left and Right Ventricular Systolic Function and Exercise 
Capacity with Coronary Artery Disease 

Douglass A. Morrison, James R. Stovall, and Charles Barbiere 


The role of right ventricular (RV) systolic function in the exercise limita- jà 
tion of patients with coronary artery disease (CAD) is unclear. This 
Continued on page A23 
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prospective study of symptom-limited supine ergometry was performed on 
a cohort of patients with unstable angina who were stabilized with medical 
therapy or angioplasty, or both. Weak but statistically significant correla- 
tions were found between both exercise RV and left ventricular ejection 
fractions and exercise oxygen consumption. It is concluded that many 
factors affect exercise capacity in patients with CAD, and contributions 
are made by both cardiac ventricles. 


actin eae MRR aI 20 Ce E ATENE OPC A L EA ONE a vA 
Effects on Quality of Life with Comprehensive Rehabilitation 
After Acute Myocardial Infarction 

Neil Oldridge, Gordon Guyatt, Norman Jones, Jean Crowe, Joel Singer, 
David Feeny, Robert McKelvie, Joanne Runions, David Streiner, and 
George Torrance 


The impact of cardiac rehabilitation after acute myocardial infarction 
(AMI) on disease-specific and generic health-related quality of life, return 
to work and exercise tolerance was investigated in 201 patients with 
evidence of depression or anxiety, or both, after AMI, who were random- 
ized to either an 8-week program of exercise conditioning and behavior 
counseling or to conventional care. Small but significant improvement was 
seen in some outcome measures in the rehabilitation group patients at 8 
weeks and in both groups of patients at 12 months. However, the 95% 
confidence intervals around differences between the 2 groups at the 12- 
month follow-up effectively excluded clinically important long-term bene- 
fits of the rehabilitation program. We conclude that in patients with 
evidence of depression or anxiety, or both, early behavioral counseling and 
exercise cardiac rehabilitation after AMI accelerated recovery of certain 
measures by the end of the 8-week program, but offered no sustained, 
clinically important benefits in quality of life compared with conventional 
community care. 


TEIN a E PE AVEIA ttn et AE a | 
Fat and Cholesterol Intake of Attendees at Two National USA 
Cardiovascular Annual Meetings 

Robert H. Selzer, Loren Dubois-Blowers, C. Joan Darnall, Stanley P. 
Azen, and David H. Blankenhorn 


A |-page bar-coded questionnaire for rapid diet analysis was administered 
to 996 adults at annual meetings of the American Heart Association 
(1989) and the American College of Cardiology (1990). Average intakes 
met cholesterol guidelines of the National Cholesterol Education Pro- 
gram, but were higher than recommended for fat. Fat intake was influ- 
enced by age, sex and geographic region. Compared with a Department of 
Agriculture survey data, reduction in dietary fat by meeting attendees was 
confined principally to >35 years. Highest fat intakes were reported by 
young Midwestern women. These results suggest the need for diet inter- 
vention programs targeted specifically to young adults with additional 
consideration given to regional variation. 
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CONGENITAL HEART DISEASE 


1097 
Relation of Symptoms to Contractility and Defect Size in 
Infants with Ventricular Septal Defect 

Thomas R. Kimball, Stephen R. Daniels, Richard A. Meyer, David W. 
Hannon, Philip Khoury, and David C. Schwartz 





Forty-two infants with a ventricular septal defect (VSD) underwent clini- 
cal and echocardiographic evaluation to determine if symptoms of conges- 
tive heart failure were due to depressed contractility or defect size, or both. 
Defect size, left ventricular performance (shortening fraction), preload 
(left ventricular end-diastolic dimension /body surface area), afterload 
(left ventricular wall stress) and contractility (the relation between veloci- 
ty of circumferential fiber shortening and wall stress) were measured. 
Symptomatic patients had significantly lower weight (5.5 + 2.9 vs 7.3 + 
2.3 kg, p <0.05) and higher respiratory rates (53 + 14 vs 43 + 6 breaths / 
min, p <0.05) than control subjects. Both groups with VSD had signifi- 
cantly higher preload (asymptomatic, 8.5 + 1.7 cm/ m2; symptomatic, 9.1 
+ 1.7 cm /m?; control subjects, 6.8 + 1.1 cm/ m?; p <0.05). There were no 
significant differences in left ventricular performance, afterload and con- 
tractility among all groups. However, a VSD size >0.5 cm (or VSD size 
indexed for body surface area >1.8 cm/m7) was predictive of the presence 
of symptoms. Contractility is normal in infants with VSD, and symptoms 
may be related to pulmonary congestion. 


MISCELLANEOUS 


1103 
Effects of Acute Alterations in Left Ventricular Loading 
Conditions on Peak Filling Rate in the Denervated 
(Transplanted) Ventricle 

Douglas S. Schulman, Brian A. Herman, Galal Ziady, Todd Edwards, 
Robert Kormos, P. S. Reddy, William P. Follansbee, and Barry F. 
Uretsky. 





We evaluated the effect of altered loading conditions alone on peak filling 
rate in 12 cardiac transplant patients. With preload modification, absolute 
peak filling rate varied in relation to pulmonary artery wedge pressure (r 
= 0.82, p <0.001). However, peak filling rate normalized to either end- 
diastolic size or stroke volume was less affected by changes in pulmonary 
artery wedge pressure (r = 0.38, p = 0.05, and r = 0.21, p = 0.3, 
respectively). With increased afterload, absolute and normalized peak 
filling rate decreased despite an increase in pulmonary artery wedge 
pressure in patients in whom systolic dysfunction occurred. However, in 
patients with preserved systolic function, both absolute peak filling rate 
and pulmonary artery wedge pressure increased with no change in normal- 
ized peak filling rate. Therefore, in the denervated ventricle, changes in 
absolute peak filling rate are strongly influenced by alterations in pulmo- 
nary artery wedge pressure. Normalized peak filling rate is less influenced 
by changes in pulmonary artery wedge pressure. 


Continued on page A28 
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1990 Critical Care 
Cardiology Scholars Recognized 


In keeping with the commitment to continuing 
education in the medical profession, Critical Care 
Cardiology Case Presentation Symposia were 
sponsored by Eli Lilly and Company in Atlanta and 
Chicago during 1990. The moderator for the 
symposia was Dr John M. Passmore, Jr, Clinical 
Assistant Professor of Medicine, University of Texas 
Health Science Center, Houston. 


A highlight of both meetings was the presentation 
of clinical experiences, chosen for their profes- 
sional interest and teaching value, by symposium 
participants. As judged by a faculty panel, the 
following cardiology fellows are being honored for 
outstanding case presentations from their respec- 
tive institutions. 








ATLANTA 


Amiodarone-Induced Tachyarrbythmia 


Joel E. Schneider, MD 
Cardiology Fellow 
Emory University 
Decatur, Georgia 


Right Ventricular Infarction 


Roger S. Gammon, MD 
Cardiology Fellow 

Duke Medical Center 
Durham, North Carolina 


Beta-blocker Therapy 

for Congestive Heart Failure 
Brian D. Dearing, MD 

Cardiology Fellow 


Ocshsner Foundation 
New Orleans, Louisiana 





CHICAGO . 

Heart Transplant ee 
for Ventricular Tachycardia 
W. Carter Grinstead, MD 
Cardiology Fellow 


Methodist Hospital 
Houston, Texas 


Interventional Management 
of Cardiogenic Shock 


Khusrow A. Niazi, MD 
Cardiology Fellow 


William Beaumont Hospital 
Royal Oak, Michigan 


Calcium Channel Blocker Intoxication 
Humayun A. Jamidar, MD 
Cardiology Fellow 


Oklahoma Memorial Hospital 
Oklahoma City, Oklahoma 





Eli Lilly and Company wishes to extend sincere appreciation to Dr Passmore 
and all participants who helped make the program a success. 


Eli Lilly and Company 
Indianapolis, Indiana 46285 
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Comparison of Differences in the Hemodynamic Response to 
Passive Postural Stress in Healthy Subjects >70 Years and 
<30 Years of Age 

Richard P. Shannon, Kathleen A. Maher, John T. Santinga, Henry D. 
Royal, and Jeanne Y. Wei 





Age-related differences in the cardiovascular response to physiologic 
stress have been previously reported. We studied 7 young and 9 healthy 
elderly volunteers who were subjected to a 60° upright tilt for 5 minutes 
during which cardiac volumes, blood pressure and heart rate were mea- 
sured. At baseline, the groups differed only in mean arterial pressure. 
However, during tilt, the elderly had a significant reduction in cardiac 
output due to an inability to maintain stroke volume, but mean arterial 
pressure was maintained by increases in peripheral resistance. In contrast, 
mean arterial pressure during tilt was maintained in healthy young sub- 
jects through a greater reliance on cardiac adaptations with maintenance 
of cardiac output. When age-related differences in blood pressure were 
normalized by pretreatment with diltiazem, these differences in response 
to postural stress were minimized. Thus, age-related differences in mean 
arterial pressure contribute predominantly to altered cardiovascular re- 
sponses to physiologic stress in advanced age. 


E N iy ARIA EILE AAEN OPE ET SANEREN S -EE EIIE EE S. 
Usefulness of Noninvasive Diagnostic Tools for Diagnosis of 
Acute Pulmonary Embolism in Patients with a Normal Chest 
Radiograph 

Paul D. Stein, Abass Alavi, Alexander Gottschalk, Charles A. Hales, 
Herbert A. Saltzman, Carol E. Vreim, and John G. Weg 


Noninvasive diagnostic tools were evaluated in 20 patients who had nor- 
mal chest radiographs and acute pulmonary embolism (PE), and in 113 
with normal chest radiographs who were suspected of having acute PE, 
but in whom the diagnosis was excluded. A partial pressure of oxygen in 
arterial blood <70 mm Hg in a dyspneic patient with a normal chest 
radiograph was more often seen in patients with than without PE. How- 
ever, no combinations of blood gases, signs and symptoms were strictly 
diagnostic. Although intuition suggested that ventilation /perfusion scans 
would yield better results in patients with a normal chest radiograph, the 
ability to diagnose PE by ventilation /perfusion scans in this subset of 
patients was not enhanced. 


1121 
Mechanism of Augmented Left Atrial Pump Function in 
Myocardial Infarction and Essential Hypertension Evaluated by 
Left Atrial Pressure-Dimension Relation 

Masunori Matsuzaki, Masaaki Tamitani, Yoichi Toma, Hiroshi Ogawa, 
Kazuhiro Katayama, Yasuo Matsuda, and Reizo Kusukawa 





For the assessment of left atrial (LA) booster pump function in normal 
subjects, in patients with a healed myocardial infarction and in patients 
with essential hypertension, we simultaneously recorded LA dimension by 
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for the lysis of thrombi obstructing coronary 
arteries, the reduction of infarct size, the im- 
provement of ventricular function following 
AMI, and the reduction of mortality associated 
with AMI. Treatment should be initiated as soon 
as possible after the onset of AMI symptoms 
(see CLINICAL PHARMACOLOGY). 
CONTRAINDICATIONS: Because thrombolytic ther- 
apy increases the risk of bleeding, EMINASE® 
is contraindicated in the following situations: = active internal bleeding ® history of cerebrovascular accident = 
recent (within 2 months) intracranial or intraspinal surgery or trauma (see WARNINGS} = intracranial neoplasm, 
arteriovenous malformation, or aneurysm = known bleeding diathesis = severe, uncontrolled hypertension. EMINASE 

should not be administered to patients having experienced severe allergic reactions to either this product or Streptokinase. 
WARNINGS: Bleeding: (See ADVERSE REACTIONS) The most common complication associated with EMINASE® therapy is 
bleeding. The types of bleeding associated with thrombolytic therapy can be divided into two broad categories: 
1. Internal bleeding involving the gastrointestinal tract, genitourinary tract, retroperitoneal, ecular, or intracranial sites. 
2. Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., venous cutdowns, arterial 
punctures, sites of recent surgical intervention). The concomitant use of heparin anticoagulation may contribute to 
the bleeding. Some of the hemorrhagic episodes occurred one or more days after the effects of EMINASE* had 
dissipated, but while heparin therapy was continuing. As fibrin is lysed during EMINASE® therapy, bleeding from 
recent puncture sites may occur. Therefore, thrombolytic therapy requires careful attention to all potential bleeding 
Sites (including catheter insertion sites, arterial and venous puncture sites, cutdown sites, and needle puncture sites). 
Intramuscular injections and nonessential handling of the patient should be avoided during treatment with 
EMINASE®*.-Venipunctures should be performed carefully and only as required. Should an arterial puncture be 
necessary following administration of EMINASE® it is preferable to use an upper-extremity vessel that is accessible 
to manual compression. A pressure dressing should be applied, and the puncture site should be checked frequently 
for evidence of bleeding. Each patient being considered for therapy with EMINASE® should be carefully evaluated 
and anticipated benefits should be weighed against potential risks associated with therapy. In the following condi- 
tions, the risks of EMINASE® therapy may be increased and should be weighed against the anticipated benefits: 
= recent (within 10 days) major surgery (e.g., coronary artery bypass graft, obstetrical delivery, organ biopsy, 
previous puncture of non-compressible vessels) = cerebrovascular disease ® recent gastrointestinal or genito- 
urinary bleeding (within 10 days) = recent trauma (within 10 days) including cardiopulmonary resuscitation = hyper- 
tension: systolic BP >180 mmHg and/or diastolic BP >110 mmHg ® high likelihood of left heart thrombus (e.g., mitral 
stenosis with atrial fibrillation) = subacute bacterial endocarditis æ acute pericarditis = hemostatic defects including 
those secondary to severe hepatic or renal disease ® pregnancy = age >75 years (Use of EMINASE® in patients 
over 75 years old has not been adequately studied.) = diabetic hemorrhagic retinopathy or other hemorrhagic 
ophthalmic conditions = septic thrombophlebitis or occluded AV cannula at seriously infected site = patients 
Currently receiving oral anticoagulants (e.g., warfarin sodium) ® any other condition in which bleeding constitutes 
a significant hazard or would be particularly difficult to manage because of its location. 

Arrhythmias: Coronary thrombolysis may result in arrhythmias associated with reperfusion. These arrhythmias 
(such as sinus bradycardia, accelerated idioventricular rhythm, ventricular premature depolarizations, ventricular 
tachycardia) are not different from those often seen in the ordinary course of acute myocardial infarction and may 
be managed with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
and/or ventricular irritability be available when injections of EMINASE® are administered. 

Hypotension: Hypotension, sometimes severe, not secondary to bleeding or anaphylaxis, has occasionally been 
observed soon after intravenous EMINASE® administration. Patients should be monitored closely and, should 
symptomatic or alarming hypotension occur, appropriate symptomatic treatment should be administered. 


PRECAUTIONS: General: Standard management of myocardial infarction should be implemented concomitantly with 
EMINASE* treatment. Invasive procedures should be minimized (see WARNINGS}. Anaphylactod reactions have rarely 
been reported in patients who received EMINASE®. Accordingly, adequate treatment provisions such as epinephrine 
should be available for immediate use. 


Readministration: Because of the increased likelihood of resistance due to antistreptokinase antibody, EMINASE* may 

not be as effective if administered more than 5 days after prior EMINASE* or Streptokinase therapy or streptococcal 

infection, particularly between 5 days and 6 months. Increased antistreptokinase antibody levels between 5 days 

and 6 months after EMINASE® or Streptokinase administration may also increase the risk of allergic reactions. 
Repeated administration of EMINASE® within one week of the initial dose has occurred in a small number of patients 

treated for AMI and non-AMI conditions. The incidence of hematomas/bruising was somewhat greater in those 

patients who received repeat doses of EMINASE® but otherwise the adverse event profile was similar to those who 

received one dose. 

Laboratory Tests: Intravenous administration of EMINASE® will cause marked decreases in plasminogen and fibrinogen 

and increases in thrombin time (TT), activated partial thromboplastin time (APTT), and prothrombin time (PT). 
Results of coagulation tests and/or measures of fibrinolytic activity performed during EMINASE® therapy may be 

unreliable unless specific precautions are taken to prevent in vitro artifacts. EMINASE®, when present in blood in 

pharmacologic concentrations, remains active under in vitro conditions. This can lead to degradation of fibrinogen 

in blood samples removed for analysis. Collection of blood samples in the presence of aprotinin (2000 to 3000 

KIU/mL) can, to some extent, mitigate this phenomenon. 

Drug Interactions: The interaction of EMINASE* with other cardioactive drugs has not been studied. In addition to 

bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function (such as aspirin and 

dipyridamole) may increase the risk of bleeding if administered prior to EMINASE® therapy. 

Use of Anticoagulants: EMINASE® alone or in combination with antiplatelet agents and anticeagulants may cause 

bleeding complications. Therefore, careful monitoring is advised, especially at arterial puncture sites. In clinical 

Studies, a majority of patients treated received anticoagulant therapy postdosing with EMINASE* during their hospital 

Stay and a minority received heparin pretreatment with EMINASE*. The use of antiplatelet agents increased the inci- 
dence of bleeding events similarly in patients treated with EMINASE® or nonthrombolytic therapy. There was no 

evidence of a synergistic effect of combined EMINASE® and antiplatelet agents on bleeding events. In addition, 
there was no difference in the incidence of hemorrhagic CVA's in EMINASE® treated patients who did or did not 

receive aspirin. 
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Impairment of Fertility: Long-term studies in animals have not been performed to evaluate 
the carcinogenic potential or the effect on fertility. Studies to determine mutagenicity and chremosomal aberration 
assays in human lymphocytes were negative at all concentrations tested. 


Pregnancy (Category C): Animal reproduction studies have not been conducted with EMINASE® It is also not known 
whether EMINASE® can cause fetal harm when administered to a pregnant woman or can affect reproduction 
Capacity. EMINASE® should be given to a pregnant woman only if clearly needed. 

Nursing Mothers: It is not known whether EMINASE® is excreted in human milk. Because many drugs are excreted 
in human milk, the physician should decide whether the patient should discontinue nursing or not receive EMINASE* 


Pediatric Use: Safety and effectiveness of EMINASE® in children have not been established. 


ADVERSE REACTIONS: Bleeding: The incidence of bleeding (major or minor) varied widely from study to study and may 
depend on the use of arterial catheterization and other invasive procedures, patient population, and/or concomitant 
therapy. The overall incidence of bleeding in patients treated with EMINASE® in clinical trials (n=5275) was 14.6%, 
with nonpuncture-site bleeding occurring in 10.2%, and puncture-site bleeding occurring in 5.7%, of these patients. 
Bleeding at the puncture site occurred more frequently in clinical trials in which the patients underwent immediate 
coronary catheterization (13.3%, n=637) compared with those who did not (3.0%, n=2023). The incidence of 
presumed intracranial bleeding within 7 days postdosing with EMINASE® was 0.57% (n=5275; 0.34% etiology 
confirmed hemorrhagic; 0.23% etiology not confirmed) compared to 0.16% (n=1249) after nonthrombolytic therapy. 
In the AIMS trial the overall incidence of bleeding in patients treated with EMINASE* was 14.8% compared with 
3.8% for placebo. The incidence of specific bleeding events was: 


EMINASE*® Placebo 
Type of Bleeding (n=500) (n=501) 
Puncture site 4.6% <1% 
Nonpuncture site hematoma 2.8% <1% 
Hematuria/Genitourinary 2.4% <1% 
Hemoptysis 2.2% <1% 
Gastrointestinal hemorrhage 2.0% 1.4% 
Intracranial 1.0% <1% 
Gum/Mouth Hemorrhage 1.0% 0 
Epistaxis <1% <1% 
Anemia <1% <1% 
Eye Hemorrhage <1% <1% 
Hemorrhage (unspecified) <1% 0 


In this study there was no difference between EMINASE® and placebo in the incidence of major bleeding events. 
Should serious bleeding (not controlled by local pressure) occur in a critical location (intracranial, gastrointestinal, 
retroperitoneal, pericardial), any concomitant heparin should be terminated immediately and the administration of 
protamine to reverse heparinization should be considered. If necessary, the bleeding tendency can be reversed with 
appropriate replacement therapy. Minor bleeding can be anticipated mainly at invaded or disturbed sites. If such 
bleeding occurs, local measures should be taken to control the bleeding (see WARNINGS). 


Cardiovascular: The most frequently reported adverse experiences in EMINASE® clinical trials (n=5275) were 

arrhythmia/conduction disorders which were reported in 38% of patients treated with EMINASE* and 46% of 

nonthrombolytic control patients. Hypotension occurred in 10.4% of patients treated with EMINASE* compared to 

7.9% for patients who received nonthrombolytic treatment (see WARNINGS). 

Allergic-type Reactions: Anaphylactic and anaphylactoid reactions have been observed rarely (0.2%) in patients 

treated with EMINASE® and are similar in incidence to Streptokinase (0.1% anaphylactic shock in one study). 
These included symptoms such as bronchospasm or angioedema. Other milder or delayed effects such as urticaria, 
itching, flushing, rashes, and eosinophilia have been j observed. A delayed purpuric rash appearing 

one to two weeks after treatment has been reported in 0.3% of patients. The rash may also be associated with 

arthralgia, ankle edema, gastrointestinal symptoms, mild hematuria, and mild proteinuria. This syndrome was 

self-limiting and without long-term sequelae. 

Risk of Viral Transmission: Six batches of EMINASE® (five different batches of Lys-Plasminogen) were used in clinical 

trials designed specifically to monitor possible hepatitis non-A, non-B transmission. No case of hepatitis was 

diagnosed in patients receiving EMINASE®. Lys-Plasminogen is derived from human plasma obtained from FDA 

approved sources and tested for absence of viral contamination, including human immunodeficiency virus type-1 

(HIV-1) and hepatitis B surface antigen. The manufacturing process includes a vapor-heat treatment step for inacti- 
vation of viruses. The entire manufacturing process has also been validated to yield a cumulative reduction of 

>10” fold HIV-1 infectious particles, i.e., >10° infectious particles removed by vapor-heat treatment and a cumu- 
lative total of >10" infectious particles removed by the various steps in the purification process. 


Causal Relationship Unknown: Since the following experiences may also be associated with AMI or other therapy, the 
causal relationship to EMINASE® administration is unknown. The following adverse experiences were infrequently 
(<10%) reported in clinical trials: Body as a Whole—chills, fever, headache, shock; Cardiovascular—cardiac rupture, 
chest pain, emboli; Dermatology—purpura, sweating; Gastrointestinal—nausea and/or vomiting; Hemic and Lymphatic— 
thrombocytopenia; Metabolic and Nutritional—elevated transaminase levels; Musculeskeletal—arthralgia; Nervous— 
agitation, dizziness, paresthesia, tremor, vertigo; Respiratery—dyspnea, lung edema. 

DOSAGE AND ADMINISTRATION: Administer EMINASE® as soon as possible after the onset of symptoms. The recommended 
dose is 30 units of EMINASE* administered only by intravenous injection over 2 to 5 minutes into an intravenous 
line or vein. 

Reconstitution: 1. Slowly add 5 mL of Sterile Water for Injection, U.S.P, by directing the stream of fluid against the 
side of the vial. 2. Gently roll the vial, mixing the dry powder and fluid. Do not shake. Try to minimize foaming. 3. The 
reconstituted preparation is a colorless to pale yellow transparent solution. Before administration, the product should 
be visually inspected for particulate matter and discoloration. 4. Withdraw the entire contents of the vial, 5. The 
reconstituted solution should not be further diluted before administration or added to any infusion fluids. No other 
medications should be added to the vial or syringe containing EMINASE®. 6. If EMINASE* is not administered within 
30 minutes of reconstitution, it should be discarded. 


HOW SUPPLIED: EMINASE® is supplied as a sterile, lyophilized powder in 30-unit vials. NDC 57294-030-20. 


Storage: Store lyophilized EMINASE* between 2-8°C (36-46°F). Do not use beyond the expiration date printed 
on the vial. 
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echocardiography and LA pressure by a catheter-tip manometer. The LA 
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external work index of the left atrium during active atrial contraction was 
calculated. We evaluated the mechanism of augmented LA pump func- 
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hypertension by analysis of the LA length-tension relation and the force- 
velocity relation. 
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Prevalence of Lipoprotein (a) [Lp(a)] Excess in 
Coronary Artery Disease 


Jacques Genest, Jr., MD, Jennifer L. Jenner, BSc, Judith R. McNamara, MT, 
Jose M. Ordovas, PhD, Steven R. Silberman, PhD, Peter W. F. Wilson, MD, 
and Ernst J. Schaefer, MD 





Lipoprotein (a) [Lp(a)] is composed of 1 low-den- 
sity lipoprotein (LDL) particle, to which 1 mole- 
cule of apolipoprotein (a) is covalently linked. El- 
evated levels of Lp(a) have been associated with 
coronary artery disease (CAD) and Lp(a) has 
been shown to be highly heritable. Our purpose 
was to determine the prevalence of familial Lp(a) 
excess in patients with CAD. We determined 
plasma levels of Lp(a) in 180 patients (150 men 
and 30 women) with angiographically document- 
ed CAD before age 60 years, and in 459 control 
subjects (276 men and 183 women) clinically 
free of cardiovascular disease. In addition, Lp(a) 
levels were determined in families of 102 of the 
CAD probands (87 men and 15 women). No gen- 
der differences in Lp(a) levels were observed be- 
tween men and women (patients or control sub- 
jects). Patients with CAD had higher Lp(a) levels 
than did control subjects (19 + 21 vs 13 + 15 
mg/dl, p <0.001). The prevalence of Lp(a) ex- 
cess (defined as >90th percentile of controls) 
was 17% in patients with CAD (p <0.05). Lp(a) 
levels were not correlated with cholesterol, LDL 
cholesterol, high-density lipoprotein (HDL) cho- 
lesterol or apolipoproteins A-I or B. There was a 


From the Lipid Metabolism Laboratory, U.S.D.A. Human Nutrition 


Research Center on Aging at Tufts University, Boston, Massachusetts; 
the Terumo Medical Corporation, Elkton, Maryland, and the Framing- 
ham Heart Study, Framingham, Massachusetts. This study was sup- 
ported by Grant HL 35243 and Subcontract HV 83-03 from the Na- 
tional Heart, Lung, and Blood Institute, National Institutes of Health, 
Bethesda, Maryland, and Contract 53-3K06-5-10 from the U.S. De- 
partment of Agriculture Research Service, Washington, DC. Jacques 
Genest was supported by a Centennial Fellowship of the Medical Re- 
search Council of Canada, Ottawa, Canada. Manuscript received Sep- 
tember 10, 1990; revised manuscript received and accepted January 10, 
1991. 

Address for reprints: Ernst J. Schaefer, MD, Lipid Metabolism 
Lab, USDA Human Nutrition Research Center, 711 Washington 
Street, Boston, Massachusetts 02111. 


weak correlation between Lp(a) and triglycerides 
(r = 0.166, p <0.05) in patients and control sub- 
jects. Stepwise discriminant analysis revealed 
that Lp(a) was a risk factor for the presence of 
CAD in men, independent of smoking, hyperten- 
sion, diabetes, LDL and HDL cholesterol, or apo- 
lipoprotein A-I and B levels. Family studies re- 
vealed that Lp(a) levels are strongly genetically 
determined. Spearman rank correlations for 
Lp(a) levels between proband-spouse (r = 
—0.004, p = 0.948) and midparent—midoffspring 
(r = 0.580, p <0.001) indicate that Lp(a) levels 
are largely genetically determined. The preva- 
lence of familial Lp(a) excess was 16% (14 of 
87) in men and 20% (6 of 30) in women. Our 
data indicate that Lp(a) is a common genetic dis- 
order in patients with premature CAD and that it 
is highly heritable. In addition, Lp(a) levels are 
independent of other lipoprotein parameters. 
(Am J Cardiol 1991;67:1039-1045) 


of coronary artery disease (CAD) include in- 

creasing age, male sex, cigarette smoking, hy- 
pertension (>150/90 mm Hg), diabetes mellitus, ele- 
vated low-density lipoprotein (LDL) cholesterol and de- 
creased high-density lipoprotein (HDL) cholesterol.! 
The protein moieties of LDL and HDL particles, 
namely apolipoproteins (apo) B and A-I, allow better 
discrimination between cases of CAD and control sub- 
jects than lipoprotein cholesterol levels in some stud- 
ies.» 

Since its description in the early 1960s by Berg,‘ 
lipoprotein (a) [Lp(a)] has been shown to be associated 
with coronary atherosclerosis.°~’ Lp(a) is composed of 
1 LDL particle, to which =1 molecule of apo(a) is co- 
valently linked to the apo B moiety. Apo(a) has been 
found to share considerable homology with plasmino- 


T he traditional risk factors for the development 
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TABLE I Clinical Characteristics of Patients with Coronary 
Artery Disease and of Control Subjects 


Controls CAD p Value 


Men 


276 
49+6 
12 (4.3%) 
58 (21%) 
80 (29%) 
50 (18%) 
66 (24%) 


150 
5147 
20(13%) 
66 (44%) 
78 (52%) 
84 (56%) 
37 (25%) 


No. of subjects 

Age (years) 

Diabetes mellitus 

Hypertension (>150/95 mm Hg) 
Cigarette smoking 

HDL (<35 mg/dl) 

LDL (=160 mg/dl) 


30 
49+6 

6 (20%) 
13 (43%) 
20 (66%) 


183 
4946 
3(1.5%) 
5 (3%) 
51 (28%) 


No. of subjects 

Age (years) 

Diabetes mellitus 

Hypertension (>150/95 mm Hg) 
Cigarette smoking 

HDL (<35 mg/dl) 5 (3%) 7 (23%) 
LDL (2160 mg/dl) 38(21%) 13(43%) 


CAD = coronary artery disease; HDL = high-density lipoprotein: LDL = low-density 
lipoprotein; NS = not significant. 





gen, and the gene for apo(a) is located adjacent to that 
of plasminogen.*!9 

Plasma levels of Lp(a) and molecular weight of 
apo(a) vary between persons and appear to be in large 
part genetically determined. This has been shown to be 
due, in part, to increased copies of kringle [V—like do- 
mains within the apo(a) gene.'!:!2 The reason for this 
inverse relation between the molecular weight of apo(a) 
and Lp(a) is unknown. In addition, altered catabolism 
of apo(a) and its isoforms may also determine plasma 
levels. The site of degradation of Lp(a) is uncertain; 
although it binds to the LDL receptor, catabolism of 
Lp(a) is not fully accounted by LDL receptor activi- 
ty.9 

The purpose ef this study was to examine Lp(a) 
levels in a group of patients with premature CAD com- 
pared with a healthy control group and to assess the 
prevalence of Lp(a) excess in that population. We also 
examined 102 families in order to determine the preva- 
lence of Lp(a) excess in patients with CAD. 


METHODS 

Patients: Caucasian men (n = 150) and women (n 
= 30) aged <60 years (mean age + standard deviation 
50 + 7) were selected from a group of 236 patients 
undergoing elective coronary angiography for the diag- 
nosis and extent of CAD. Family studies from that 
group of patients were performed on 102 probands, se- 
lected for the availability of relatives. There were 87 
men and 15 women in whom family members were 
collected. In addition to the probands, 96 genetically 
unrelated spouses and an average of 3.15 offspring per 
proband were examined. This study was approved by 
the Institutional Review Board of the New England 
Medical Center Hospital and Tufts University. All pa- 


tients gave informed consent for participation in the 
study. Patients on lipid-lowering medication were ex- 
cluded from the study. 

Controls: Subjects (<60 years) from the third cycle 
examination of the Framingham Offspring Study were 
used as controls. There were 276 male and 183 female 
control subjects. All were Caucasian. The control sub- 
jects were selected as being free of the clinical manifes- 
tations of coronary, peripheral or cerebral arterial dis- 
ease on the basis of history, physical examination and 
electrocardiographic criteria. The mean age in the con- 
trol group was 49 + 6 years for men and 49 + 6 years 
for women. Based on this sample, normal ranges were 
determined separately for men and women; the 90th 
percentile for Lp(a) in men was 36 and 35 mg/dl in 
women. Smoking was defined as >10 cigarettes per 
day in the year preceding the sampling and hyperten- 
sion as a blood pressure >150/90 mm Hg. 

Lipids, lipoprotein cholesterol and apolipoproteins: 
Blood was drawn in tubes containing ethylene diamine- 
tetraacetic acid to a final concentration of 1 mg/ml. 
Plasma was isolated by centrifugation (2,500 rpm, 30 
minutes, 4°C) and multiple aliquots were frozen at 
—80°C for later apo determination. Total cholesterol, 
triglycerides (Tg) and HDL cholesterol were deter- 
mined as previously described and LDL cholesterol was 
calculated by the Friedewald formula.!3-15 Apo A-I 
and B were determined by noncompetitive enzyme- 
linked immunosorbent assay.!®!’ Lp(a) was deter- 
mined using a commercially available enzyme-linked 
immunosorbent assay, using a monoclonal antibody 
against apo(a), which does not cross-react against plas- 
minogen and a second polyclonal antibody directed 
against the apo(a) portion of Lp(a) (Terumo Medical 
Corp., Elkton, Maryland). The assay was standardized 
with respect to the mass of the Lp(a) particle!® and is 
expressed in milligrams of total mass of Lp(a). Coeffi- 
cients of variance were 2.5 and 3.4% for intra- and in- 
terrun variability, respectively. 

Statistics: Data were stored on a VAX 11/785 
computer (Digital Equipment Corporation, Maynard, 
Maryland), on the database RS/1 (BBN Software, 
Cambridge, Maryland). Statistical analyses were per- 
formed with the RS/1 software and the SAS package 
(Statistical Analysis Systems). Differences in mean val- 
ues were evaluated by Student’s ¢ test; differences in 
prevalence were examined by chi-square test. I riglycer- 
ides and Lp(a) were logo transformed to approximate 
a normal distribution. Parent-offspring correlations 


were determined by Spearman’s rank correlation coeffi- 


cients. Stepwise discriminant analysis was performed, 
using a forward-backward procedure. A p value <0.05 


was considered significant. HDL cholesterol and apo ~ 


A-I levels were corrected to compensate for an in-hos- 
pital sampling bias.!9 
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TABLE Il Serum Lipoprotein and Apolipoprotein Levels in 
Patients with Coronary Artery Disease and in Control Subjects 


Controls 


276 
211438 
141+111 
138 + 36 
45412 
110+ 29 
136+ 31 
13414 


No. of subjects 
Total cholesterol 
Triglycerides 
LDL cholesterol 
HDL cholesterol 


183 
208 + 45 
125 + 289 
130+ 40 
96+ 14 
84 + 27 


No. of subjects 
Total cholesterol 
Triglycerides 
LDL cholesterol 
HDL cholesterol 
Apo B 


239 + 89 
252 + 521 
151455 
43+10 
117+42 
154+ 32 125+ 30 

144 16 19+ 24 


Apo = apolipoprotein; Lp = lipoprotein; other abbreviations as in Table |. 





RESULTS 

The characteristics of men and women with CAD 
and their respective controls are listed in Table I. Ages 
between the CAD group and control subjects were 
nearly identical (51 + 7 vs 49 + 6 years, p <0.05) in 
men and in women. Cardiovascular risk factors were 
determined according to the National Cholesterol Edu- 
cation Program.! In men with CAD, there were signifi- 
cantly more smokers (210 cigarettes per day in the 
year preceding the sampling; 52 vs 29%, p <0.001), 
more patients with hypertension (= 150/95 mm Hg, 44 
vs 21%; p <0.001) or diabetes (previously diagnosed, 
treated or not, 13 vs 4.3%; p <0.001), and more pa- 
tients with a decreased HDL cholesterol (<35 mg/dl, 
56 vs 18%; p <0.001) when compared with the control 
group. No differences in the prevalence of elevated 
LDL (2160 mg/dl) cholesterol were noted between 
the CAD cases and the control group (25 vs 24%, dif- 
ference not significant [NS]). Similarly, in this small 
sample of women with CAD, there were significantly 
more smokers, hypertensive and diabetic patients and 
patients with elevated LDL cholesterol and low HDL 
cholesterol than control subjects. Lp(a) levels in men 
and women with CAD were not significantly different, 
nor were Lp(a) levels between control men and women. 
Overall, patients with CAD (n = 180) had higher 
Lp(a) levels than did controls (n = 459, 19 + 21 vs 13 
+ 15 mg/dl; p <0.001). 

Lipid, lipoprotein and apo levels between cases and 
controls are listed in Table II. Men and women were 
analyzed separately. In men, no significant differences 
were seen for total or LDL cholesterol (205 + 48 vs 
211 + 38 mg/dl, p = NS and 135 + 46 vs 138 + 36 
mg/dl, p = NS; cases vs control subjects). Triglyceride 









TABLE Ill Spearman's Correlation Coefficients* 


Variable Lp(a) 
Controls CAD 
150 


No. of male subjects 276 






Total cholesterol 0.042 —0.029 
Triglycerides —0.147* —0.166* 
LDL cholesterol 0.135 —0.006 
HDL cholesterol 0.055 0.093 
Apo B —0.040 —0.160 







0.056 






* p <0.05. 
Abbreviations as in Tables | and Il. 






levels were higher (180 + 101 vs 141 + 111 mg/dl, p 
<0.001 for logio Tg), as were apo B levels (128 + 34 
vs 110 + 29 mg/dl, p <0.001) and Lp(a) levels (19 + 
19 vs 13 + 14 mg/dl, p <0.01 ); conversely, HDL cho- 
lesterol values were significantly lower (35 + 10 vs 45 
+ 12 mg/dl, p <0.001) as were apo A-I levels (108 + 
24 vs 136 + 31 mg/dl, p <0.001). 

In women with CAD, total cholesterol (239 + 89 vs 
208 + 45 mg/dl, p <0.004), LDL cholesterol (151 + 
55 vs 130 + 40 mg/dl, p <0.001), triglyceride (252 + 
521 vs 125 + 289 mg/dl, p <0.002) and apo B levels 
(117 + 42 vs 84 + 27 mg/dl, p <0.001) were higher 
and HDL cholesterol (43 + 10 vs 56 + 14 mg/dl, p 
<0.001) and apo A-I levels (125 + 30 vs 154 + 32 
mg/dl, p <0.008) were lower than in female control 
subjects. Lp(a) levels were higher in women with CAD 
than in control subjects (19 + 24 vs 14 + 16 mg/dL, p 
= NS). 

The prevalence of Lp(a) excess was defined as a 
Lp(a) level >90th percentile of gender-matched levels 
in a healthy control population. These values were 36 
and 35 mg/dl for men and women, respectively. In our 
patients with CAD, 16% (24 of 150) of men and 20% 
(6 of 30) of women had Lp(a) excess (p <0.01 for men 
and women versus control men and women). 

Use of 8-adrenergic blocking medication has been 
shown to alter plasma lipids and lipoprotein cholesterol, 
especially triglyceride and HDL cholesterol levels. In 
this study, 6-blocker therapy was not associated with 
significant alterations of Lp(a) levels in the CAD 
group. There were 78 patients with CAD (52%) taking 
6 blockers. There were too few control patients taking 8 
blockers for meaningful statistical analysis. 

The correlation coefficients between Lp(a) and lipid 
and lipoprotein variables are listed in Table III for male 
patients and controls. A slight negative correlation be- 
tween triglyceride levels and Lp(a) was found in pa- 
tients and in control subjects (r = 0.166 and 0.147, 
respectively; p <0.05); no significant correlations were 
found between Lp(a) levels and other lipid variables. 
The reasons for the association between Lp(a) and tri- 
glycerides is unknown. No such relation was seen be- 
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TABLE IV Stepwise Discriminant Analysis* 


Variable Partialr? Modelr? pValue 


Cigarette smoking 
Hypertension (>150/95 mm Hg) 
Apo A-I 
Apo B 
Lp(a) 
Diabetes mellitus 
*in men only. Total cholesterol, low-density lipoprotein cholesterol and high- 
density lipoprotein cholesterol were substituted in the statistical model by introduc- 


ing apolipoproteins A-I and B. 
Abbreviations as in Table Il. 





tween Lp(a) and apo B or LDL cholesterol levels. No 
differences were observed in Lp(a) levels between men 
and women in the control groups (13 + 14 vs 14 + 16 
mg/dl, p = NS; men vs women). When the subjects 
with CAD and the family members were combined, no 
effect of age (n = 638 subjects; range 5 to 74 years) on 
Lp(a) was seen (r = 0.045, p = NS). 

Stepwise discriminant analysis was used to ascertain 
the contribution of Lp(a) as an independent risk factor 
for the presence of cardiovascular disease in men. In 
the model presented in Table IV, total cholesterol, tri- 
glycerides, and LDL and HDL cholesterol drop from 
the statistical model once apo B and apo A-I are en- 
tered. Lp(a) appears to confer additional information 
over conventional lipoprotein and apo parameters (p = 
0.006). Apo A-I appears to be a slightly better dis- 
criminant variable than HDL cholesterol; apo B is a 
better discriminant than LDL cholesterol. Because of 
their small number, such an analysis was not performed 
in women. 

Family studies: In 102 families, in which the pro- 
band was selected for the presence of CAD, 19 (18.6%) 
were found to have elevated Lp(a) (>90th percentile). 


PENT PE - FFI: 





There were 17 of 87 men (19.5%) and 2 of 15 women 
(13.3%) with Lp(a) levels >90th percentile. Of those 
families, 6 had other familial lipid, lipoprotein or apo 
disorders. In the other 13 families, Lp(a) was the sole 
lipoprotein abnormality. Lipid, lipoprotein and apo lev- 
els in probands with Lp(a) excess, in their affected and 
unaffected relatives, are listed in Table V. Significant 
differences in Lp(a) levels between affected and nonaf- 
fected probands and affected and nonaffected relatives 
are listed in Table V. There were 321 offsprings from 
the 102 probands; 60 (30 men and 30 women) had 
Lp(a) levels >90th percentile and 261 (123 men and 
138 women) had Lp(a) levels <90th percentile. No sig- 
nificant differences in lipid, lipoprotein cholesterol or 
apo A-I and B levels were seen in patients with 
Lp(a) excess, compared with probands with Lp(a) lev- 
els <90th percentile. A similar observation was made 
in the offsprings of the probands. 

In addition to the 19 probands with elevated Lp(a), 
13 spouses had elevated Lp(a) levels. In 7 of those 
spouses, the proband had Lp(a) excess and in the other 
6, the proband had normal Lp(a) levels. These families, 
in which the spouse but not the proband had elevated 
Lp(a), were counted as normal and not included with 
the 19 families in whom the proband had Lp(a) excess; 
however, their offsprings were included in Table V. The 
family trees of 4 of the 19 families with Lp(a) excess 
are shown in Figure 1. A total of 25 families had a 
parent with Lp(a) excess (19 in whom the proband and 
6 in whom the spouse had Lp(a) excess). The off- 
springs from those families were compared with those 
in whom the parents had Lp(a) <90th percentile. The 
frequency distribution of Lp(a) levels in the control 
population and in the offsprings from affected and non- 
affected parents is shown in Figure 2. 


TABLE V Lipid, Lipoprotein and Apolipoprotein Levels in Family Members with Familial Lp(a) Excess (>90th Percentile) 


Lp(a) Chol. Tg 


LDL HDL ApoB Apo A-I 


Affected Probands (no., age + SD) 


men (n = 17,50 +6) 47+11 198 + 164 


women (n = 2, 59) 


119+ 44 
43 309 138 


108 + 29 
235 


36+ 11 118421 118+ 21 
47 160 154 


Nonaffected Probands 


203 + 59 
229 + 103 


13:4 1h" 
6+ 5* 


men (n = 70, 51 +6) 
women (n = 13, 48+ 7) 


175479 
224 + 248 


134+ 57 
139+51 


3548 
4147 


113+ 32 
120+ 38 


110+ 24 
137 +29 


Affected Offspring 


47+10 
53413 


191 +33 
181 +33 


men (n = 30, 30 + 13) 
women (n = 30, 31 10) 


114+ 63 
82 + 37 


123+ 28 
114428 


46+12 
51412 


96 + 32 
82 33 


137 +31 
143 + 30 


Nonaffected Offspring 


1i2+1%° 
11+ 10* 


167 +34 
176441 


men (n = 123, 27 + 12) 
women (n = 138, 28 + 12) 


1134123 
84445 


104 + 30 
107 + 37 


43+9 
53412 


84 + 32 
78+ 26 


129+ 23 
157+ 29 


Chol. = Cholesterol; SD = standard deviation; Tg = triglycerides; other abbreviations as in Table Il. 


* p <0.001 between affected versus nonaffected persons. 
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To assess the contribution of environmental vari- 
ables, such as shared household and diet, and that due 
to genetic factors, correlation coefficients for logio 
Lp(a) were determined in proband-spouse pairs and in 
midparent—midoffsprings, the latter serving as an index 
of genetic contribution. Proband-spouse correlation 
(—0.004, p = 0.948) indicates little effect of environ- 
ment on Lp(a) levels, whereas midparent—midoffspring 
correlation (0.580, p <0.001) reveals that genetic fac- 
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tors have a major effect in the determination of plasma 
Lp(a) levels. Offsprings from families with Lp(a) ex- 
cess had higher Lp(a) levels than offsprings from fami- 
lies with normal Lp(a), with a frequency distribution 
curve shifted to the right. 


DISCUSSION 
Lp(a) is a lipoprotein consisting of 1 LDL particle 
to which is covalently linked =>1 molecule of a glyco- 
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FIGURE 1. Families with lipoprotein (a) excess. Subjects sampled are shown in thick lines; the proband is indicated by an ar- 
row; deceased subjects are shown with a diagonal line; lipoprotein (a) levels are shown in mg/dl inside the symbols. 


FIGURE 2. Frequency distribution of lipo- 
protein (a) in control (n = 459) (open cir- 
cles) and in offsprings from affected 
(hatched bar) and nonaffected parents 
(open bar). ELISA = enzyme-linked im- 
eas assay; Lp(a) = lipoprotein 
a). 


FREQUENCY % 


o— o CONTROLS (n=459) 


Lp(a) mg/dL (ELISA) 


CI Offsprings from families with normal Lp(a) (n=218) 
Offsprings from families with Lp(a) excess (n=103) 
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protein, apo(a).!92° The physiologic role of Lp(a) is un- 
certain. The core of Lp(a) is rich in cholesterol esters 
and has 2 apos, apo B and apo(a). Apo B is involved in 
the hepatic synthesis and secretion of very low density 
lipoproteins, the precursor of LDL particles; in addition 
to providing structural integrity to the LDL particle, 
apo B binds to the LDL receptor and mediates the in- 
corporation of LDL particles by receptor-mediated en- 
docytosis.2! Apo(a) is a glycoprotein, synthesized in the 
liver. Apo(a) is heavily glycosylated (35% by weight), 
with sialic acid and n-acetyl glucosamine being the 
principal n-linked sugars.?? Because of homology with 
plasminogen, apo(a) has attracted considerable atten- 
tion. The gene for apo(a) is located adjacent to the 
gene for plasminogen on chromosome 6 (6q2.6-2.7).? It 
appears to have risen by internal duplication of the 
plasminogen gene and is composed of multiple repeats 
of the fourth kringle domain of plasminogen and | copy 
of kringle V.!°? Kringle domains are found in several 
plasma proteins involved in the coagulation cascade, in- 
cluding tissue plasminogen activator, plasminogen, uro- 
kinase, coagulation factor XII and fibronectin. 

The mechanisms by which Lp(a) increases athero- 
genic risk is complex. Lp(a) accumulates in atheroscle- 
rotic plaques? and binds to fibrin.*42° This effect may 
be beneficial because Lp(a) would provide cholesterol 
at the site of tissue injury; this effect is not seen with 
LDL particles. In addition, because of its similarity 
with plasminogen, Lp(a) has antithrombolytic proper- 
ties. Lp(a) inhibits the streptokinase or tissue-plasmino- 
gen activator—mediated activation of plasmin?®?? and 
it competes with plasminogen for the plasminogen re- 
ceptor on endothelial cell surfaces, thus interfering with 
intravascular thrombolysis.°°! 

Plasma levels of Lp(a) vary between persons and 
appear to be in great part genetically determined. Mul- 
tiple isoforms of the protein have been detected on sodi- 
um dodecyl sulfate polyacrylamide gel electrophoresis, 
with apparent molecular weight varying from 300 to 
700 kD. These have been arbitrarily called F, B, Sj-4 
and O (null), with respect to apo B (512 kD), which 
serves as a molecular weight marker. To date, up to 11 
different isoforms of apo(a) have been identified.” 
Population studies have shown that a maximum of 2 
bands per person has been found, consistent with the 
hypothesis that the molecular weight of apo(a) is deter- 
mined by 2 alleles.!!3? The variability in molecular 
weight between the various isoforms appears to be due 
to a different number of kringle IV domains in the gene 
for apo(a).!? In addition, there is an inverse correlation 
between the molecular weight of apo(a) and plasma 
levels of Lp(a). The reasons for this are poorly under- 
stood. Although it is possible that different alleles for 
the apo(a) gene have different 5-inch promoter regions 
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or different enhancer sequences, the close inverse asso- 
ciation between the number of kringle IV—encoding do- 
mains and plasma levels of Lp(a) makes it more likely 
that a co- or post-translational mechanism is involved in 
the rate of synthesis of apo(a) and its glycosilation. This 
hypothesis remains to be confirmed. 

Plasma levels of Lp(a) may also be modulated by 
the catabolism of apo(a). The catabolism of Lp(a) is 
poorly understood. There is evidence that Lp(a) does 
bind to the LDL receptor. Patients with heterozygous 
familial hypercholesterolemia have elevated plasma lev- 
els of Lp(a).>734 In the present study, 4 patients had 
a Clinical diagnosis of familial hypercholesterolemia, 
based on the presence of elevated LDL cholesterol in 
>95th percentile, xanthomas, CAD and affected fami- 
ly members. Their Lp(a) levels were 74, 34, 21 and 6.4 
mg/dl, respectively. 

The present study shows that Lp(a) is a risk factor 
for the development of CAD, independent of conven- 
tional risk factors and lipoprotein cholesterol levels. We 
have determined that our patients with angiographical- 
ly documented CAD have significantly higher plasma 
levels of Lp(a) and that 17% of our probands have an 
Lp(a) level in >90th percentile of controls. In addition, 
age and gender do not appear to have a major effect on 
plasma Lp(a) levels. In the 102 families examined in 
this study, 19 (18.6%) had familial Lp(a) excess, de- 
fined as Lp(a) levels in >90th percentile. In this study, 
we did not find a significant difference in total choles- 
terol or LDL cholesterol levels. This is likely to be due 
to the fact that many patients with CAD were taking 
6-adrenergic blocking medication, which tends to de- 
crease LDL cholesterol levels. In addition, most pa- 
tients with CAD follow a diet close to that recommend- 
ed by the National Cholesterol Education Program. ! 

Our data are consistent with the finding that plasma 
levels of Lp(a) are genetically determined. The reason 
for the variation in Lp(a) levels is related to the size of 
apo(a), which in turn appears to be determined by the 
number of kringle IV-like domains within the apo(a) 
gene. However, this relation between the size of the 
apo(a) gene, the molecular weight of the mature pro- 
tein and plasma levels of Lp(a) must be clearly docu- 
mented. 

Patients with elevated Lp(a) levels appear to be at 
risk for the development of CAD. To date, no therapy, 
except the use of neomycin in combination with nia- 
cin,’ has been shown to reduce Lp(a) levels. Medica- 
tions that cause an increase in LDL receptor activity, 
such as cholestyramine or lovastatin,*° do not appear to 
decrease Lp(a) levels significantly. At the current time, 


the treatment of patients with Lp(a) levels should in- _ 


clude diet, as recommended by the National Cholester- 
ol Education Program as well as modification of other 
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cardiovascular risk factors.! In patients with CAD, 
Lp(a) levels should be determined, especially in normo- 
lipidemic patients and in those with a family history of 
CAD. In those with Lp(a) excess, the measurement of 
Lp(a) in offsprings may be an important factor in car- 
diovascular risk assessment. 
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Effects of Nonionic Versus lonic Contrast Media 
on Complications of Percutaneous Transluminal 
Coronary Angioplasty 


Nicholas J. Lembo, MD, Spencer B. King, Ill, MD, Gary S. Roubin, MD, PhD, 
Alexander J. Black, MB, BS, and John S. Douglas, Jr., MD 


To evaluate the effect of contrast agents on per- 
cutaneous transluminal coronary angioplasty 
(PTCA) complications, 913 patients undergoing 
1,058 separate PTCA procedures were prospec- 
tively randomized to receive either nonionic io- 
pamidol (isovue-370*) [n = 507 PTCA proce- 
dures] or ionic contrast media, meglumine sodi- 
um diatrizoate (Renografin-76°) [n = 551 PTCA 
procedures]. Angioplasty operators, technicians, 
nurses and patients were blinded to the agent 
used. All patients were pretreated with 0.6 mg 
of atropine sulfate intravenously before any con- 
trast injections. Hypotension (mean arterial pres- 
sure <65 mm Hg associated with contrast injec- 
tions) occurred during 8.5% of PTCA proce- 
dures in which the patients were receiving 
iopamidol and during 9.5% of the procedures in 
which the patients were given diatrizoate (differ- 
ence not significant). Bradycardia (heart rate of 
<40 beats/min associated with contrast injec- 
tions) developed during 5.7% of procedures 
when patients were given iopamidol and during 
5.1% of procedures when patients were given 
diatrizoate (difference not significant). The need 
for additional atropine or temporary pacing dur- 
ing the procedure was similar for patients given 
iopamidol and diatrizoate. The overall incidence 
of ventricular tachycardia or fibrillation, or both, 
during the procedure occurred less frequently 
when iopamidol was used compared with diatri- 
zoate (1 vs 2.5%, p = 0.045). These serious 
ventricular arrhythmias were attributable to con- 
trast injections in 0.6% of the PTCA procedures 
when iopamidol was given and in 2.0% of the 
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cases in which diatrizoate was the contrast 
agent (p = 0.09). Only 1 patient had an allergic 
reaction to the contrast agent, and this was in a 
patient who received iopamidol. There were no 
differences in hospital complications (myocardial 
infarction, emergency coronary artery bypass 
grafting, or death) between the 2 groups. It is 
concluded that in patients undergoing PTCA, io- 
pamidol (lsovue-370*), compared with meglu- 
mine sodium diatrizoate (Renografin-76°), re- 
duces the overall incidence of serious ventricular 
arrhythmias but not the frequency of myocardial 
infarction, the need for surgery, or death. 

(Am J Cardiol 1991;67:1046-1050) 


onic contrast agents are frequently used 
[« diagnostic coronary angiography as well as 

during percutaneous transluminal coronary angio- 
plasty (PTCA) and, in general, are well tolerated.! 
However, a small percentage of patients develop tran- 
sient hypotension, bradycardia or ventricular arrhyth- 
mias after injection of ionic contrast agents into the 
coronary circulation.” 7 The newer nonionic contrast 
agents appear to lower the incidence of these transient 
adverse effects but the benefit to overall patient safety 
remains to be established.*-!* Thus, before advocating a 
policy for or against the routine use of nonionic contrast 
agents for interventional cardiac procedures, it is im- 
portant to establish their safety, compared with the ion- 
ic agents. The purpose of this investigation was to 
determine if nonionic contrast media reduces the in- 
cidence of procedural or ischemic complications associ- 
ated with PTCA compared with a standard ionic con- 
trast agent. 


METHODS 

The study population comprised 913 consecutive pa- 
tients undergoing 1,058 separate PTCA procedures at 
our institution between April 1987 and February 1988. 
Excluded from the study were patients who had: (1) a 
contraindication to atropine, i.e. glaucoma, pyloric ste- 
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nosis, or a rapid pulse rate, or (2) a previous severe 
allergic contrast reaction. Approval for this investiga- 
tion was obtained from the Emory University Institu- 
tional Review Board. The patients were prospectively 
randomized in a double-blind fashion so that the PTCA 
operators, patients and cardiac catheterization person- 
nel were unaware of the contrast agent being used dur- 
ing the procedure. Patients were randomized on a 
weekly basis. Each week the chief cardiac catheteriza- 
tion lab technician opened a sealed envelope that con- 
tained the name of the contrast agent to be used that 
week. The chief technician then covered the assigned 
contrast agents bottles with opaque tape to ensure the 
blinded nature of the investigation. At the conclusion of 
the study, there were 507 PTCA procedures in which 
the patients were randomized to receive the nonionic 
contrast agent, iopamidol (Isovue-370®), and 551 pro- 
cedures in which the patients were randomized to re- 
ceive the ionic contrast agent, meglumine sodium dia- 
trizoate (Renografin-76®). 

Percutaneous transluminal coronary angioplasty 
technique: All procedures were performed with a stan- 
dard technique that has been previously described in 
detail and all patients were pretreated with a calcium 
antagonist and aspirin.'4 Procedures were performed 
through the femoral or brachial approach. Patients 
were sedated with intravenous diazepam. After arteri- 
al and venous access was obtained, patients received 
10,000 U of intravenous heparin with another 5,000 U 
intravenously for each additional hour of the procedure. 
Atropine sulfate (0.6 mg) was given intravenously be- 
fore contrast injections and additional atropine was giv- 
en as indicated for bradycardia. Intracoronary nitro- 
glycerin (200 ug) was administered to patients before 
the lesion was crossed with the dilatation catheter. 

Data collection: Baseline clinical, data, procedural 
and in-hospital ischemic events were prospectively re- 
corded by physicians on standard forms and entered 
into the Emory Cardiac Data Bank. Clinical data in- 
cluded: age, sex, presence of unstable angina (defined 
as angina of increasing severity, including pain at rest 
or angina of new onset within the past 2 months), 
whether PTCA was done in the presence of an evolving 
myocardial infarction, prior myocardial infarction, pri- 
or coronary artery bypass grafting surgery, serum po- 
tassium ion, and whether the patient was taking oral or 
intravenous antiarrhythmic medication. 

Adverse procedural events included: hypotension, 
defined as a mean arterial pressure of <65 mm Hg 
associated with contrast injections; bradycardia, consid- 
ered important if the heart rate became <40 beats/min 
associated with contrast injections, the need for addi- 
-~ tional atropine, or the requirement for temporary ven- 


tricular pacing; or ventricular arrhythmias, which in- 
cluded sustained and nonsustained (>3 beats) ventricu- 
lar tachycardia or ventricular fibrillation or both (if a 
patient had ventricular tachycardia that degenerated 
into ventricular fibrillation, he or she was classified as 
having ventricular fibrillation); and allergic reactions to 
the contrast agents, which included urticaria, wheezing 
or anaphylaxis. 

Ischemic events occurring during the patient’s hos- 
pitalization for the PTCA procedure included: Q-wave 
myocardial infarction defined as the appearance of new 
Q waves 240 ms in duration after the procedure at the 
time of discharge; post-PTCA non-Q-wave myocardial 
infarction, defined as a creatine kinase level >510 (3 
times the upper limit of normal for the Emory labora- 
tory), including any MB without the appearance of 
new Q waves; emergency coronary artery bypass graft- 
ing surgery, defined as the need for bypass graft 
surgery on the same day as the procedure or on sub- 
sequent days for unstable or ongoing myocardial 
ischemia, severe intimal dissection or other signs of 
“threatening” imminent closure of the instrumented 
vessels; elective coronary artery bypass grafting surgery, 
defined as surgery in patients without ongoing myocar- 
dial ischemia who did not have signs of threatening im- 
minent closure; and death that occurred for any reason 
during the hospitalization. 

Data analysis: Statistical comparisons between the 
groups of patients who received iopamidol and diatrizo- 
ate were performed with the Wilcoxon rank-sum test 
for continuous variables and with the chi-square test for 
categorical variables. The association of clinical vari- 
ables to ventricular tachycardia and fibrillation, or 
both, was assessed, and a step-wise multiple logistic re- 
gression analysis was performed to determine which 
factors were independently predictive of ventricular 
tachycardia or fibrillation, or both. Probability values 
reported are considered statistically significant if 
p <0.05. 


RESULTS 

Clinical characteristics: There were no differences 
in the clinical characteristics at the time of PTCA be- 
tween patients receiving iopamidol and those given dia- 
trizoate, with the exception that there was a higher in- 
cidence of unstable angina in patients receiving diatri- 
zoate (80%) than in those receiving iopamidol (73%) (p 
= 0.003) (Table I). 

Adverse procedural events: Table I lists the adverse 
procedural events that occurred in the cardiac catheter- 
ization laboratory. There were no differences in the oc- 
currence of hypotension, heart rate of <40 beats/min, 
the need for additional atropine, requirement of tempo- 


NONIONIC VERSUS IONIC CONTRAST MEDIA 1047 


TABLE I Clinical Characteristics 


Mean age (yrs) 


% Men 


Unstable angina 
Evolving myocardial infarction 


lopamidol 
(n = 507) 


60 + 10 

376 (74%) 

356 (73%) 
15 (3%) 


Diatrizoate 
(n= 551) 


60+ 11 
403 (73%) 
430 (80%) 

18 (3.3%) 


p Value 


205 (41%) 
78 (15%) 


225 (41%) 
82 (15%) 


Prior myocardial infarction 
Prior coronary artery bypass 
grafting surgery 
Serum K+ 
Antiarrhythmic medications 
Oral 20 (3.9%) 
Intravenous 6 (1.2%) 
Oral /intravenous 26 (5.1%) 
Adverse procedural events 
Hypotension (mean BP <65 
mm Hg) 
Bradycardia 
HR <40 beats /min 
Additional atropine 
Requiring temporary pacing 
Ventricular tachycardia / 
fibrillation 
Allergic reaction 1 (0.2%) 0(0%) NS 
21 of the above 77 (15.2%) 93(16.9%) NS 


BP = blood pressure; HR = heart rate; NS = difference not significant. 


4.2+0.4 4.2+0.5 
19 (3.4%) 
3 (0.5%) 
22 (4.0%) 


43 (8.5%)  52(9.5%) 


29 (5.7%) 
40 (7.9%) 
7 (1.4%) 
5 (1.0%) 


28 (5.1%) 

46 (8.4%) NS 
6(1.1%) NS 

14(2.5%) 0.045 





rary pacing, or allergic reactions between the 2 groups. 
Ventricular tachycardia or fibrillation, or both, was less 
frequent during the PTCA procedure in patients receiv- 
ing iopamidol, occurring in 1% of the procedures, com- 
pared with 2.5% in patients given diatrizoate (p = 


TABLE Il Summary of Ventricular Tachycardia / Fibrillation Events 


Contrast 


Media Cardioverted 


lopamidol 
(n = 507) 


Total 


Diatrizoate 
(n= 551) 


++ tttOHOHH+ HOH BROHHH4 
t++ttt+OHtetgtdOF+ BROHHH + 


VT 
0 
0 
0 
+ 
+ 
2 
0 
0 
of 
0 
0 
0 
+ 
0 
+ 
0 
O 
+ 
0 
0 
4 


— 
— 
— 
MN 


0.045). Table II summarizes ventricular tachycardia or 
fibrillation events, or both, in the 19 patients who had 
this untoward event. Electrical cardioversion for these 
arrhythmias was required in 0.8% of the PTCA proce- 
dures in which the patients were receiving iopamidol, 
compared with a 2.2% incidence when patients were 
given diatrizoate as the contrast agent (p = 0.05). The 
potential causes of the ventricular arrhythmias were 
classified as being related to contrast agent, ischemia 
secondary to balloon inflation, acute myocardial infarc- 
tion or acute closure, or from other miscellaneous 
causes. Ventricular tachycardia or fibrillation, or both, 
that could be attributed to contrast injections occurred 
during 3 of the 507 PTCA procedures (0.6%) in which 
iopamidol was the agent and in 11 of the 551 proce- 
dures (2.0%) in which diatrizoate was used (p = 0.09). 

Ischemic events: Each ischemic event was recorded 
separately per patient, i.e., a patient having a Q-wave 
myocardial infarction and coronary artery bypass graft 
surgery had the 2 complications listed separately (Table 
III). There were no differences in myocardial infarc- 
tions, coronary artery bypass grafting surgery or deaths 
between the groups. 

Variables associated with ventricular tachycardia 
or fibrillation, or both: All clinical variables were evalu- 
ated to determine their correlation with ventricular 
tachycardia or fibrillation, or both. These variables, in 
addition to the contrast agent diatrizoate, were then en- 


Potential Causes of Ventricular Arrhythmias 


Evolving Acute 


Contrast Balloon MI Closure 


t+++tttOO+O+ ete WOH+H+H40 
OO0OO0O+0O0++40đ040ġåO00 Oo O00000 
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* Patient 1 (ionic group) was receiving thrombolytic therapy and the ventricular fibrillation occurred spontaneously after reperfusion, i.e., most likely a reperfusion arrhythmia. 
t Patient 5 (nonionic group) was having a myocardial infarction and ventricular fibrillation was secondary to catheter manipulation in the left ventricle before left ventriculography. 


MI = myocardial infarction; VF = ventricular fibrillation; VT = ventricular tachycardia. 
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tered into a multivariate logistic regression analysis to 
determine which were independently predictive of ven- 
tricular tachycardia or fibrillation, or both. The inde- 
pendent predictors of ventricular tachycardia or fibrilla- 
tion, or both, in patients undergoing PTCA include, in 
decreasing order of importance: (1) PTCA for evolving 
myocardial infarction, (2) use of antiarrhythmic medi- 
cations, and (3) use of diatrizoate as the contrast agent. 


DISCUSSION 

Hemodynamic changes: [here have been numerous 
reports that nonionic contrast agents such as iopamidol 
have a lower propensity to decrease blood pressure and 
heart rate during cardiac catheterization compared 
with the ionic agents.*!!:!2 On a theoretical basis, these 
nonionic agents would thus appear to cause less hemo- 
dynamic instability during cardiac angiography. Our 
study was not designed to check for subtle differences 
in blood pressure and heart rate between the contrast 
agents. Instead, our end points were defined as poten- 
tially dangerous levels during catheterization, i.e., 
hypotension (mean blood pressure of <65 mm Hg) and 
bradycardia (heart rate of <40 beats/min, need for ad- 
ditional atropine, or need for temporary pacing). We 
found no differences in the incidence of potentially seri- 
ous hemodynamic changes in patients receiving diatri- 
zoate or iopamidol. All patients were given 0.6 mg of 
atropine sulfate intravenously before angiography and 
this may have lowered the incidence of contrast-in- 
duced bradycardia. Interestingly, atropine sulfate ad- 
ministration was not given in many of the studies that 
reported a lower incidence of bradycardia with the non- 
ionic compared with the ionic agents.8-!2 

Ventricular tachycardia or fibrillation, or both: 
There are many potential causes of serious ventricular 
arrhythmias that can occur during cardiac catheteriza- 
tion and PTCA. These include the electrophysiologic 
effects of the contrast media, ischemia secondary to 
balloon inflation, decreased coronary perfusion as a re- 
sult of myocardial infarction or acute closure, and other 
causes, such as a catheter- or guidewire-induced ven- 
tricular irritability; or, these arrhythmias may occur 
spontaneously as a result of reperfusion.’:!>:!© In addi- 
tion, patients taking antiarrhythmic drugs or those hav- 
ing electrolyte disturbances may have a lower threshold 
for ventricular arrhythmias that can occur during cath- 
eterization. 

In our study, the overall incidence of ventricular 
tachycardia or fibrillation, or both, was less frequent 
when iopamidol was used compared with diatrizoate (1 
vs 2.5%, p = 0.045). Ventricular tachycardia or fibril- 
lation, or both, that was attributed to the contrast injec- 
tions occurred in 0.6% of the PICA procedures when 


TABLE Ill Ischemic Events 


Diatrizoate 
(n= 551) 


lopamidol 


(n = 507) p Value 





Myocardial infarction 


Q-wave 11 (2.2%) 8 (1.5%) NS 

Non-Q-wave 20 (3.9%) 29 (5.3%) NS 
CABG 

Emergency 19 (3.7%) 15 (2.7%) NS 

Elective 4(0.8%) 1 (0.2%) NS 
Death 1 (0.2%) 2 (0.4%) NS 


CABG = coronary artery bypass grafting; NS = difference not significant. 


iopamidol was given and in 2.0% when diatrizoate was 
used (p = 0.09). All ionic contrast agents contain addi- 
tives that act as preservatives and buffers. Renografin- 
76® was the form of diatrizoate used in this investiga- 
tion: it contains sodium ethyldiaminetetraacetic acid 
(EDTA) and sodium citrate, which act as preservatives 
and buffers, respectively.'’ Caulfield et al! noted a de- 
crease in ionized serum calcium in coronary sinus blood 
immediately after angiography with Renografin-76®. 
They attributed this finding to the chelating action of 
sodium EDTA acid and sodium citrate. The reduction 
in ionized calcium is thought to play a major role in the 
prolongation of the QT interval, which may lower the 
threshold for ventricular fibrillation.'® Nonionic con- 
trast agents such as iopamidol do not contain additives 
and bind calcium to a lesser extent than Renografin- 
76® and do not cause significant prolongation of the 
QT interval after intracoronary injection. !? 

Other formulations of meglumine sodium diatrizo- 
ate have calcium EDTA as an additive, which has less 
calcium binding activity than that found in Renografin- 
76®, the ionic agent tested in this study. In addition, 
there is less prolongation of the QT interval with agents 
with reduced calcium-binding properties.!? Zukerman 
tested the hypothesis that ionic agents with less calci- 
um-binding activity may produce less ventricular fibril- 
lation during coronary arteriography.”° In Zukerman’s 
study with coronary angiography, 816 patients were 
randomized to receive Renografin-76® or Angiovist- 
370®. Ventricular fibrillation occurred in 10 of 410 pa- 
tients (2.4%) receiving Renografin-76® and in 0 of 410 
patients given Angiovist-370® (p <0.005).2° In our 
PTCA study, we did not test ionic agents with reduced 
calcium-binding activity. One therefore can only specu- 
late if there would be any differences in ventricular fi- 
brillation if Angiovist-370® was used instead of Reno- 
grafin-76®, compared with iopamidol. 

ischemic complications: The incidence of myocardi- 
al infarction, coronary artery bypass grafting surgery 
and death was similar in patients given iopamidol and 
diatrizoate. 
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Thrombotic complications: All contrast agents act 
as anticoagulants to a variable extent. However, non- 
ionic agents have a markedly lower inhibition of the 
intrinsic pathway, compared with the ionic agents.?! 
This has led to the concern that thrombotic complica- 
tions from angiography may occur more often with 
nonionic than with ionic agents.** We did not note any 
difference between the 2 contrast agents in ischemic 
complications that may have been caused by coronary 
thrombosis. However, it should be noted that the stan- 
dard protocol for PTCA includes pretreatment with as- 
pirin and anticoagulation with heparin during the pro- 
cedure. 

Study limitations: We did not evaluate these agents 
for patient comfort during angioplasty, such as chest 
pain during injection or gastrointestinal side effects, be- 
cause of the difficulty in determining if these events 
were related to contrast injections or the PTCA proce- 
dure itself. Our impression is that there is less patient 
discomfort during angiography with iopamidol, espe- 
cially during angiography of the internal mammary 
arteries. 

In conclusion, in patients undergoing PTCA, io- 
pamidol reduces the overall incidence of ventricular 
tachycardia or fibrillation, or both, compared with dia- 
trizoate in the form of Renografin-76®, but does not 
reduce the incidence of hypotension, bradycardia, aller- 
gic reactions, myocardial infarction, coronary artery 
bypass grafting surgery, or death. Future studies need 
to be performed, comparing other forms of diatrizoate 
that have fewer calcium-binding properties than Reno- 
grafin-76® (i.e., Angiovist-370®) with iopamidol in pa- 
tients undergoing PTCA. 
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Results of Multivessel Percutaneous 
Transluminal Coronary Angioplasty in Persons 
Aged 65 Years and Older 


John B. Bedotto, MD, Barry D. Rutherford, MD, David R. McConahay, MD, 
Warren L. Johnson, MD, Lee V. Giorgi, MD, Thomas M. Shimshak, MD, 
James H. O'Keefe, MD, Robert W. Ligon, MA, and Geoffrey O. Hartzler, MD 


Between 1981 and 1990, 1,373 patients, aged 
>65 years (mean 71.2 + 4.9), underwent 1,640 
multivessel percutaneous transluminal coronary 
angioplasty (PTCA) procedures. Of these, 224 
patients (13.6%) had a left ventricular ejection 
fraction <40%, 412 (25.1%) had prior coronary 
artery bypass grafting (CABG) and 48 (2.9%) 
had left main artery dilatation. Of the 1,640 
PTCA procedures, 697 were in patients with 2- 
vessel disease and 943 were in patients with 3- 
vessel disease. A mean 3.5 lesions were dilated 
per patient, with an overall angiographic success 
rate of 96%. Complete revascularization was 
achieved in 857 (52%). A total of 52 patients 
(3.2%) had a major in-hospital complication: 27 
patients (1.6%) died, 24 (1.4%) had a Q-wave 
myocardial infarction, and 14 (0.8%) underwent 
emergent CABG. Stepwise logistic regression 
analysis identified ejection fraction <40% (p 
<0.001), 3-vessel disease (p <0.01), female 
gender (p <0.02), and PTCA between 1981 and 
1985 (p <0.05) as independent predictors of 
mortality. Of the 1,373 patients, 1,023 have 
been followed for 21 year (mean follow-up 32.5 
+ 21.3 months). There were 156 (15.2%) late 
deaths, 81 (7.9%) recurrent myocardial infarc- 
tions, and 162 (15.8%) coronary artery bypass 
operations. Actuarial survival, computed from 
the time of hospital discharge, was 92% at 1 
year, 86% at 3 years and 78% at 5 years. Re- 
peat PTCA was required in 371 patients 
(36.3%). Survival was better in those with 2- 
versus 3-vessel disease (p <0.008) and in those 
with complete versus partial revascularization (p 
<0.001). These data indicate that multivessel 
PTCA is an effective and safe alternative to 


From the Mid America Heart Institute, St. Luke’s Hospital, Kansas 


City, Missouri. Manuscript received October 10, 1990; revised manu- 
~ script received January 18, 1991, and accepted January 21. 

Address for reprints: Geoffrey O. Hartzler, MD, Medical Plaza II- 
20, 4320 Wornall Road, Kansas City, Missouri 64111. 


CABG in older patients with symptomatic coro- 
nary artery disease. 
(Am J Cardiol 1991;67:1051-1055) 


population with symptomatic coronary artery 

disease is increasing.' The frequency with which 
coronary artery bypass grafting (CABG) is used to 
treat ischemic heart disease in the aged is also increas- 
ing.2 Although CABG is effective in relieving angina, 
enthusiasm has been tempered by the higher morbidity 
and mortality in this population.2-!® Because of in- 
creased procedural risks with CABG in the elderly, per- 
cutaneous transluminal coronary angioplasty (PTCA) 
would be an attractive alternative method for myocar- 
dial revascularization. Multivessel dilatation and ad- 
vanced age, however, also have been shown to increase 
the risk of PTCA. !°-2 Previous reports on PTCA in the 
elderly have included small numbers of patients who 
underwent primarily 1-vessel dilatation.2°-*> This report 
describes the acute and long-term results of multivessel 
angioplasty in 1,373 patients 265 years of age over a 
10-year period. 


jè he number of elderly patients in the general 


METHODS 

Patients: Since 1981, details of the clinical profile, 
angiographic results and follow-up of all patients treat- 
ed with PTCA by a group of cardiologists at the Mid 
America Heart Institute were prospectively entered into 
a computerized database. All patients 265 years old 
who underwent PTCA in 2 or 3 major epicardial ves- 
sels were identified and included in the study. Only 
patients undergoing emergency angioplasty for acute 
myocardial infarction were excluded from analysis. 

Angioplasty protocol: Routine premedications in- 
cluded 325 mg of oral aspirin (1 to 3/day), 75 mg of 
oral dipyridamole administered 3 times/day, 5 mg of 
sublingual isosorbide dinitrate, 75 mg of intravenous 
lidocaine and 5 mg of intravenous verapamil. After 
placement of a femoral arterial sheath, 10,000 U of 
heparin were administered intravenously. An additional 
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TABLE I Patient Characteristics 


Ages (yrs) 
265 


Total no. of procedures 1,640 
Male gender 1,147 (70%) 


Mean age (yrs) 71 
LVEF <40% 
Prior CABG 


224 (14%) 
412 (25%) 
Left main PTCA 48 (3%) 
No. of coronary arteries 
narrowed 270% in diameter 
2 697 (43%) 
3 943 (57%) 
No. of coronary arteries 
having PTCA 
2 1,236 (75%) 
3 404 (25%) 


717 

539 (75%) 
67 
95 (13%) 

195 (27%) 
28 (4%) 


315 (44%) 
402 (56%) 


517 

365 (71%) 
72 
64 (12%) 

140 (27%) 
13 (3%) 


229 (44%) 
288 (56%) 


295 
179 (61%) 
77 
47 (16%) 
68 (23%) 
5 (2%) 


115 (39%) 
180 (61%) 


18 (16%) 
9 (8%) 
2 (2%) 


38 (34%) 
73 (66%) 


539 (75%) 
178 (25%) 


384 (74%) 
133 (26%) 


226 (77%) 
69 (23%) 


87 (78%) 
24 (22%) 


CABG = coronary artery bypass grafting; LVEF = left ventricular ejection fraction; PTCA = percutaneous transluminal coronary angioplasty. 


5,000 U of heparin were administered hourly during 
the angioplasty procedure and continued as an intrave- 
nous infusion for 18 to 24 hours after the procedure. 
A low-molecular-weight dextran infusion was variably 
used, depending on operator preference. In general, pa- 
tients continued to receive aspirin, dipyridamole and a 
calcium channel antagonist for 3 to 6 months. 

Coronary angioplasty was performed with a variety 
of over-the-wire and fixed-wire devices. An attempt 
was made to revascularize all patients completely by 
dilating all significant potentially bypassable steno- 
ses supplying viable myocardium during a single pro- 
cedure. 

Follow-up: Long-term follow-up data were collected 
prospectively by office evaluation, mailed question- 
naires, and telephone interviews. 

Definitions: Multivessel disease was defined as a di- 
ameter stenosis of >70% in 2 or 3 major epicardial 
vessels. Dilatation within 22 of the 3 major coronary 
arteries qualified as multivessel angioplasty. A dilata- 
tion was considered successful if the luminal diameter 
stenosis was reduced to <40% in multiple angiographic 
projections. In-hospital complications included Q-wave 
myocardial infarction, emergent CABG, procedural 


TABLE Il Complications 
Ages (yrs) 


Total No. 65-69 70-74 
(n= 1,640) (n=717) (n=517) 


Myocardial 24 (1.4%) 
infarction 

Urgent 
CABG 

Death 27 (1.6%) 


9(1.2%) 9(1.7%) 3(1.0%) 3(2.7%) 
14 (0.8%) 7(0.9%) 5(0.9%) 2(0.6%) 0(0.0%) 


6 (0.8%) 9(1.7%) 5(1.6%) 7(6.3%) 


CABG = coronary artery bypass grafting; No. = number of procedures. 








death or in-hospital death related to the performance of 
the angioplasty procedure. 

Statistical analysis: All data are expressed as the 
mean + | standard deviation. Stepwise logistic regres- 
sion analysis was used to identify variables that corre- 
lated with in-hospital complications. Long-term and 
event-free survival were computed from the time of 
hospital discharge with the Kaplan-Meier actuarial 
method. 


RESULTS 

Clinical characteristics: Between January 1981 and 
July 1990, 1,373 patients aged 265 years underwent 
1,640 elective multivessel angioplasties. Clinical and 
angiographic characteristics are listed in Table I. 
This group included 224 patients (13.6%) with poor 
left ventricular function (ejection fraction <40%), 
412 (25.1%) with prior CABG, and 48 (2.9%) with left 
main coronary artery dilatation. With increasing age, 
the percentage of women, patients with 3-vessel disease 
and patients with depressed left ventricular function all 
increased. 

Angiographic characteristics: Of the 1,640 proce- 
dures, there were 1,236 2-vessel and 404 3-vessel dila- 
tations. Of 5,987 stenoses attempted, 5,724 were suc- 
cessfully dilated (mean 3.5 lesions per patient), with an 
overall angiographic success rate of 96%. Partial revas- 
cularization was achieved in 783 (48%) and complete 
revascularization in 857 (52%) procedures. Chronic to- 
tal occlusions accounted for 75% of the patients incom- 
pletely revascularized. 

Procedural and in-hospital complications: Fifty-two 
patients (3.2%) had a major in-hospital complication 
(Table II). These included 27 deaths (1.6%), 24 Q- 


wave myocardial infarctions (1.4%) and 14 emergent 


CABGs (0.8%). 
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Complication rates for the various age groups are 
listed in Table II. The risk of death doubled in the 70- 
to 80-year-old age group. In the age 280 years group, 
the risk of myocardial infarction increased 1.8-fold and 
the risk of death increased fourfold. 

Patients with poor left ventricular function: Mul- 
tivessel PTCA was performed in 224 patients with 
an ejection fraction <40% (Table III). Of these, 93 
(41.5%) had prior CABG and 16 (7.1%) had left main 
coronary artery dilatation. There were 47 patients with 
2-vessel disease and 177 patients with 3-vessel disease. 
Two-vessel dilatation was performed in 169 patients 
and 3-vessel dilatation in 55, with an overall angio- 
graphic success rate of 94%. A total of 18 patients 
(8.0%) had a major complication. Five patients (2.2%) 
had a Q-wave myocardial infarction, 5 (2.2%) under- 
went emergent CABG, and 11 (4.9%) died. 

Patients with prior coronary artery bypass graft- 
ing: Multivessel PTCA was performed in 412 patients 
with prior CABG (Table III). Of these, 93 (22.5%) 
had poor left ventricular function and 46 (11.1%) had 
left main coronary artery dilatation. There were 47 pa- 
tients with 2-vessel disease and 365 patients with 3-ves- 
sel disease. Two-vessel dilatation was performed in 304 
patients and 3-vessel dilatation in 108, with an over- 
all angiographic success rate of 95%. A total of 13 pa- 
tients (3.2%) had a major complication. Eight patients 
(1.9%) had a Q-wave myocardial infarction, 1 (0.2%) 
underwent emergent CABG, and 6 (1.4%) died. 

Multivariate analysis: Stepwise logistic regression 
analysis was used to identify variables that were inde- 
pendent predictors of procedural and in-hospital mor- 
tality. The following variables were selected: gender, 
age group (65 to 69, 70 to 74, 75 to 79 and >80 years), 
prior CABG, diabetes, poor left ventricular function, 
left main coronary artery disease, number of diseased 
vessels (2 versus 3), years during which PTCA was per- 
formed (1981 to 1985, 1986 to 1990) and unstable an- 
gina. Poor left ventricular function (p <0.001), 3-vessel 
disease (p <0.01), female gender (p <0.02) and per- 
formance of the PTCA procedure between 1981 and 
1985 (p <0.05) were independent predictors of mortal- 
ity. Unstable angina (p = 0.07) and the absence of 
prior CABG (p = 0.08) approached statistical signifi- 
cance as predictors of in-hospital mortality. 

Follow-up (Figure 1): In 1,206 of the 1,373 patients, 
>1 year had lapsed from the time of their PTCA. Of 
these, 183 (15%) were lost to follow-up, leaving 1,023 
hospital survivors for analysis. 

During follow-up (mean 32.5 + 21.3 months), there 
were 81 (7.9%) myocardial infarctions (mean time to 
_infarction, 20.3 + 23.1 months), 162 (15.8%) coronary 
artery bypass procedures (mean time to CABG, 12.2 + 





TABLE Ill Complications in “High-Risk” Subsets 


Poor LV 
Function 
(n = 224) 


5 (2.2%) 


Left Main 
PTCA 
(n = 48) 


0 (0.0%) 


Prior CABG 
(n = 412) 


8 (1.9%) 


Myocardial 

infarction 
Urgent CABG 5 (2.2%) 1 (0.2%) 0 (0.0%) 
Death 11 (4.9%) 6 (1.4%) 1 (2.0%) 


Abbreviations as in Table |. 


14.6 months) and 156 (15.2%) deaths. Repeat PTCA 
was required in 371 patients (36.3%) at 10.9 + 15.4 
months. There were 172 PTCA procedures for resteno- 
sis alone, 120 for both restenosis and disease progres- 
sion at sites not previously dilated, 37 for disease 
progression alone, 17 for patients undergoing a staged 
procedure, and 4 for acute closure. Twenty-one pa- 
tients underwent repeat PTCA at other institutions 
for unknown reasons. A repeat revascularization pro- 
cedure (PTCA or CABG) was required in 463 patients 
(45.3%). Anginal status was New York Heart Associa- 
tion class I or II in 77% and class III or IV in 23% at 
the time of last follow-up. 

Actuarial survival was 92% at 1 year, 86% at 3 
years and 78% at 5 years. Event-free survival (free of 
myocardial infarction, CABG or death) was 81% at | 
year, 69% at 3 years and 56% at 5 years. Patients with 
3- versus 2-vessel coronary artery disease (p <0.008) 
and incomplete versus complete (p <0.001 ) revascular- 
ization had poorer long-term survival rates. 


DISCUSSION 

The average life expectancy in the United States is 
increasing. By 1987, 12.2% of the population was >65 
years of age and, by 1990, 3.0% (7.4 million) were 
>80 years old.? Approximately 50 to 60% of persons 





FIGURE 1. Actuarial survival of patients followed >1 year 
(A). Event-free survival of patients followed >1 year (B). 
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Horvath et al* 
Grondin et al? 
Rich et al8 

Loop et al? 
Dorros et al? 
Tsai et al!@ 
Montague et al? 
Gersh et al!4 
Hochberg et al!® 


Hosp. 
Mortality MI CVA Reop. Stay 
(days) 


Mean Age 


(range) (%) (%) (%) (%) 


82 (80-89) 
73 (70-87) 
68 (65-84) 
72(70-79) 





CVA = cerebrovascular accident; Hosp. = hospital; MI = myocardial infarction; Reop. = reoperation. 


>65 have coronary artery disease and constitute most 
patients hospitalized for acute myocardial infarction.!:’ 

Elderly Americans represent an increasing pro- 
portion of patients undergoing CABG in the United 
States.” In the last decade, several studies have report- 
ed on the morbidity and mortality of CABG in the 
elderly.2-'® The risk of death in older patients undergo- 
ing CABG in the last 10 years ranges from 2.3 to 12% 
(Table IV). The risk of serious complication ranges 
from 14 to 65%. Although the elderly have a higher 
incidence of left main and 3-vessel coronary artery dis- 
ease, depressed left ventricular function and associated 
medical illnesses, age has been shown to be an indepen- 
dent risk factor for morbidity and mortality after 
CABG.2.31114 

PTCA has been an increasingly used method of re- 
vascularizing the elderly. In addition to advanced age, 
other clinical variables noted more frequently in the el- 
derly, such as depressed left ventricular function, left 
main coronary artery disease and 3-vessel disease, also 
increase the risk of PTCA.!? This report demonstrates 
that technical suceess rates (96%) in the elderly are 
comparable to those of multivessel PTCA in younger 
patients.2°-3! Additionally, despite a large number 
of patients with depressed left ventricular function 
(13.6%), prior CABG (25.1%) and left main artery di- 
latation (2.9%), multivessel PTCA can be performed 
with relatively low morbidity and mortality rates in pa- 
tients 265 years old. When PTCA is performed in pa- 
tients aged 280 years, however, the risk of death and 
myocardial infarction increases substantially. 

In elderly patients undergoing multivessel PTCA, 
poor left ventricular function, 3-vessel disease and fe- 
male gender were identified as independent predictors 
of procedural and in-hospital mortality. Because the in- 
cidence of depressed left ventricular function, 3-vessel 
disease and female gender also increased as age in- 
creased, increasing age itself did not adversely affect 
survival. When compared with younger patients, how- 
ever, age =70 years has been shown to increase proce- 
dural mortality.! Unstable angina (p = 0.07) and the 


absence of prior CABG (p = 0.08) may also increase 
the risk of multivessel PTCA in the elderly.?? Multives- 
sel PTCA performed during the first 5 years of oper- 
ator experience was also found to influence outcome 
adversely; this change was likely due to increasing 
operator experience and improvements in angioplasty 
technology. 

Follow-up: Although 36% of patients required a re- 
peat PTCA, only 16% ultimately required CABG, and 
most patients (77%) had New York Heart Association 
class I or II angina at last follow-up. In addition, al- 
though this study involved a large number of high-risk 
patients, actuarial survival rates of 92% and 78% at | 
and 5 years, respectively, are similar to those reported 
for elderly patients undergoing CABG.4! 1-33 

The number of diseased vessels and the degree of 
revascularization had an important effect on long-term 
survival. The importance of complete revascularization 
after CABG is well documented.*+7> Reports on the 
clinical importance of complete revascularization after 
PTCA are conflicting. Previous studies have shown that 
if revascularization is only partial after multivessel 
PTCA, the frequency of recurrent angina and the need 
for CABG increases.78-3! Our data demonstrate that 
the ability to provide complete revascularization impor- 
tantly influences long-term survival after multivessel 
PTCA as well. 

Clinical implications: These data indicate that mul- 
tivessel PTCA is a safe and effective alternative to 
CABG for the treatment of elderly patients with symp- 
tomatic coronary artery disease. In addition to the low- 
er morbidity and mortality rates when PTCA is com- 
pared with CABG, a shorter duration of hospitalization 
and decreased cost are additional advantages.*° 

Study limitations: This is a nonrandomized, consec- 
utive case analysis of a large number of elderly patients 
who underwent multivessel PTCA at a single institu- 
tion. Although a direct comparison with surgical results 
cannot be made, these data suggest that future ran- 
domized trials comparing CABG to PTCA should not 
exclude elderly patients. In addition, 15% of patients 
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were lost to follow-up over the 10-year period, which 
may have influenced our long-term results. 
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Outcome After Major Dissection During 
Coronary Angioplasty Using the Perfusion 
Balloon Catheter 


Mark L. Leitschuh, MD, Roger M. Mills, Jr., MD, Alice K. Jacobs, MD, 
Nicholas A. Ruocco, Jr., MD, David LaRosa, and David P. Faxon, MD 


Coronary artery dissection is an infrequent but 


serious complication of coronary angioplasty 
that can lead to periprocedural vessel occlusion, 
emergency bypass surgery, myocardial infarc- 
tion or death. Recently, a perfusion balloon cath- 
eter was developed that permits passive perfu- 
sion of blood through the central lumen of the 
catheter. It enables prolonged balloon infiations 
to be performed and has been used to provide 
distal blood flow after coronary occlusion. To 
evaluate the effectiveness of the perfusion bal- 
loon catheter in patients with major coronary 
dissections, 36 consecutive patients treated with 
the perfusion balloon catheter were compared 
with 46 consecutive patients treated before its 
availability. The 2 groups were similar in terms 
of clinical, angiographic and initial procedural 
characteristics. Use of the perfusion balloon 
catheter permitted a significantly longer inflation 
than standard balloon inflation (average 18 + 5 
min). Angiographic success was significantly 
greater with the perfusion balloon catheter (84 
vs 62% for conventional therapy), whereas com- 
plications were markedly reduced (48 vs 78%). 
With the perfusion balloon catheter there were 
fewer deaths (2 vs 6%), myocardial infarctions 
(14 vs 40%) and emergency bypass operations 
(11 vs 25%). The findings of this retrospective 
comparison demonstrate that the perfusion bal- 
loon catheter is effective for the management of 
major dissections after coronary angioplasty. 
The use of the perfusion balloon catheter should 
be considered when a major coronary dissection 
occurs and when emergency bypass surgery is 
contemplated. 

(Am J Cardiol 1991;67:1056-1060) 
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ercutaneous transluminal coronary angioplasty 

provides safe, effective myocardial revasculariza- 

tion for suitably chosen patients with symptom- 
atic coronary artery disease.' A significant limitation of 
the procedure is coronary dissection and abrupt closure. 
This occurs in 2 to 10% of patients and can lead to such 
major complications as death, myocardial infarction 
and emergency coronary bypass graft surgery.'~!* One 
strategy that has been developed to manage this diffi- 
cult clinical situation is prolonged balloon inflation with 
a perfusion balloon catheter.!>!4 This catheter facili- 
tates prolonged percutaneous transluminal coronary an- 
gioplasty balloon inflations by allowing anterograde 
blood flow to perfuse the distal myocardium through 
side holes in the shaft proximal and distal to the balloon 
connecting to a central lumen through the balloon seg- 
ment. It serves as a passive conduit, and effective perfu- 
sion depends on an adequate central aortic pressure. In 
addition, the operator using the device must take care 
not to compromise perfusion of major side branches 
with the inflated balloon. Prolonged inflations may al- 
low tissue flaps to adhere to the damaged vessel wall 
with restoration of an effective coronary lumen and an- 
terograde flow. 

To evaluate the effectiveness of the perfusion bal- 
loon catheter, we retrospectively compared clinical and 
angiographic outcomes in patients with major coronary 
dissection treated with the perfusion balloon catheter 
with those who were treated conventionally. 


METHODS 

The angioplasty procedure was performed with 
standard techniques, as described elsewhere.!> Briefly, 
the patients were treated with 325 mg/day of aspirin 
and with 75 mg of dipyridamole three times/day by 
mouth, the day before and daily after the procedure. In 
all cases, vascular access was obtained from the femoral 
vein and artery. Right-sided cardiac catheterization was 
performed, with a pacing catheter placed in the pulmo- 
nary artery. All patients received 200 wg of intracoro- 
nary nitroglycerin before the introduction of the balloon 
catheter. A heparin bolus of 100 U/kg was given, fol- 
lowed by a continuous drip of 1,000 to 1,500 U/kg. 
Additional heparin was administered in order to pro- 
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long the activated clotting time to >300 seconds for the 
duration of the procedure and up to 2 hours before 
sheath removal. 

Major coronary dissection after angioplasty was an- 
giographically defined as a large intraluminal linear lu- 
cency often extending beyond the area of the balloon 
with either (a) an associated reduction in luminal diam- 
eter by 50% or (b) reduced flow distal to the dissection. 
Minor dissections were defined as a small localized cap 
or linear defect localized to the balloon area with no 
reduction in lumen diameter or intraluminal flow. Mi- 
nor dissection, often referred to as intimal flaps or tears, 
were not included in this analysis. Once a major dissec- 
tion was detected, a prolonged inflation with a standard 
angioplasty balloon was attempted. The balloon was in- 
flated for as long as the patient could tolerate it or until 
significant hemodynamic deterioration occurred. Once 
the perfusion balloon was available, a 5- to 30-minute 
inflation was used. A 4.5-Fr Advanced Cardiovascular 
Systems (Mountain View, California) Stack Perfusion 
Dilation Catheter™ was used as the perfusion balloon 
in all cases.!4 Inflated balloon diameters, from 2.5 to 
3.5 mm, were available, and the catheter accepted a 
maximal guidewire of 0.18 inches. Patients were retro- 
spectively identified as having major dissection by the 
review of a prospectively collected angiographic log and 
subsequent review of the cineangiogram. All consecu- 
tive patients from December 1987 to February 1990 
were included in this analysis. Baseline clinical, angio- 
graphic and procedural factors and the angiographic 
and clinical outcomes in the 2 groups were compared. 
Selected baseline clinical characteristics used in the 
analysis were age, sex, angina status and the circum- 
stance of the procedure. “Emergent procedures” were 
those in which the patient had active ischemic symp- 
toms not responsive to maximal antianginal therapy, or 
acute myocardial infarction. “Urgent procedures” were 
those in which recurrent episodes of angina prevented 
the patient’s discharge home from the hospital to await 
an elective readmission for routine percutaneous trans- 
luminal coronary angioplasty. “Elective procedures” 
were those in which the patients were symptomatic but 
stable on an outpatient antianginal program, and were 
admitted electively for percutaneous transluminal coro- 
nary angioplasty. 

Baseline angiographic characteristics included: (1) 
lesion location; (2) percent diameter stenosis before an- 
gioplasty, determined by electronic caliper measure- 
ments in 2 orthogonal views by 2 angiographers; (3) 
lesion type using the American Heart Association / 
American College of Cardiology Task Force on Percu- 
_ taneous Transluminal Coronary Angioplasty classifica- 
tion!6; (4) calcification or thrombus, defined as irregu- 
lar lumen or filling defect at the site of the lesion; (5) 
the geometry (concentric vs eccentric) of the lesion; and 


Age (yrs) 
Men (%) 


Stable angina (%) 


Unstable angina (%) 
Circumstances of PTCA 


Emergent (%) 
Urgent (%) 
Elective (%) 


TABLE I Baseline Clinical Characteristics 


Conventional 


(n= 46) 


60+ 5 

36 (75) 
23 (48) 
23 (48) 


3 (6) 
28 (59) 
17 (17) 


PBC 
(n = 36) 


59+6 

23 (64) 
15 (42) 
21 (58) 


2 (6) 
21 (58) 
13 (36) 


p Value 


Mean values are + standard error. 
NS = not significant; PBC = perfusion balloon catheter; PTCA = percutaneous 
transluminal coronary angioplasty. 





(6) the presence of collateral vessels to or from the in- 
volved vessel. 

A single angiographer (RMM) reviewed and classi- 
fied all the lesions according to the joint American 
Heart Association/American College of Cardiology 
Task Force on Percutaneous Transluminal Coronary 
Angioplasty. 

Procedural factors included: (1) maximal infla- 
tion pressure (atmospheres), (2) maximal balloon size 
(mm), (3) total number of inflations, and (4) total in- 
flation time (seconds or minutes). 

Clinical and angiographic outcomes in the 2 groups 
were compared. The clinical outcomes were: (1) death, 
(2) emergency coronary artery bypass graft surgery, 
and (3) myocardial infarction defined as either new 
Q waves or a creatine phosphokinase rise to greater 
than twice the top normal level with an elevated MB 
fraction. 

Angiographic outcomes were: (1) percent stenosis 
after angioplasty, and (2) angiographic success, defined 
as 220% lesion diameter improvement (visual esti- 
mate) and <50% residual stenosis after angioplasty in 
the dissected lesion. 

Statistical analysis: Data are presented as mean + 
standard error of the mean. The chi-square test was 
used to compare discrete variables and Student’s ¢ test 
was used to compare continuous variables. 


RESULTS 

Patient population: One thousand twenty-six pa- 
tients underwent percutaneous transluminal coronary 
angioplasty at Boston University Medical Center be- 
tween December 1987 and February 1990. From Feb- 
ruary 1989 to February 1990, 36 patients with major 
dissections were managed with the perfusion balloon 
catheter and compose the perfusion group. Forty-six 
consecutive patients with similar dissections that oc- 
curred immediately before the availability of the perfu- 
sion balloon catheter make up the conventional group. 

Baseline clinical characteristics (Table 1): The base- 
line clinical characteristics of the 2 groups were similar 
with regard to age, sex and anginal status. Emergent, 
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TABLE Il Baseline Angiographic Characteristics 


PBC 
(n = 36) 


Conventional 
(n = 48) p Value 
Lesion type 

Single discrete (%) 

Multiple discrete (%) 

Diffuse (%) 

Tubular (%) 
Thrombus present (%) 
Calcium present (%) 
Eccentric (%) 

Supplies collaterals (%) 
Receives collaterals (%) 
Lesion location 

LAD (%) 

RCA (%) 

LCX (%) 

Lesion classification* 

Type A (%) 

Type B (%) 22 (46) 21 (58) 

Type C (%) 8 (17) 4(12) 

* American College of Cardiology /American Heart Association Task Force classifi- 
cation (see reference 16) 


LAD = left anterior descending artery; LCX = 
coronary artery; other abbreviations as in Table |. 


28 (58) 
1 (2) 
10 (21) 

7 (14) 
12 (25) 
11 (23) 
34 (71) 

1 (2) 
14 (29) 


28 (78) 
3 (8) 
6 (16) 
4 (16) 
7 (19) 
6 (16) 

29 (80) 
2 (5) 
6 (16) 


20 (42) 
16 (33) 
10 (21) 


20 (56) 
9 (25) 
7 (19) 


18 (37) 11 (30) 


left circumflex artery; RCA = right 





urgent and elective procedures were distributed equally 
in the 2 groups, and slightly more than half the patients 
in each group had urgent procedures for unstable 
symptoms. 

Baseline angiographic characteristics (Table Il): Le- 
sion locations and the number of patients undergoing 
multilesion percutaneous transluminal coronary angio- 
plasty were not significantly different in the 2 groups. 
Approximately half the dissections in both groups oc- 
curred in the left anterior descending coronary artery. 
The lesion characteristics in the groups again showed 
no difference in lesion type, the presence or absence of 
thrombus or calcium, the geometry of the lesion, or the 
presence of collateral vessels to or from the involved 
vessel. 

When the lesions were classified according to 
the American Heart Association/American College of 
Cardiology Task Force classification, there were equal 
numbers of type A, B and C lesions in both groups. 


Conventional 


% Stenosis 


PBC 


Post-PTCA 


Pre-PTCA 


FIGURE 1. Percent stenosis before and after percutaneous 
transluminal coronary angioplasty (PTCA) in the conventional 
cial pictusien leilhedix Galiaiter (PBC) groupe. 
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TABLE Ill Procedural Factors 


PBC 
(n = 36) 


781.1 


Conventional 
(n = 46) 


p Value 


Max. balloon inflation 8.0 
pressure (atm) 

Max. balloon size (mm) 

No. of inflations 

Total inflation time (s) 1,551 + 389 

Length of PBC inflation (min) 18.1 +45.0 


Values are mean + standard error. 
Max = maximal; other abbreviations as in Table I. 


Procedural factors (Table lll): Table III compares 
procedural factors for the groups. There was no differ- 
ence in maximal balloon inflation pressure, maximal 
balloon size, or total number of inflations. The total 
inflation time was much greater in the perfusion than 
the conventional group due to prolonged inflation of the 
perfusion balloon catheter, averaging 18.1 minutes. 

In summary, all the prepercutaneous transluminal 
coronary angioplasty clinical, angiographic and proce- 
dural factors that we analyzed were comparable for the 
2 groups. 

Angiographic outcomes: In contrast to the preper- 
cutaneous transluminal coronary angioplasty factors, 
the angiographic outcomes in the 2 groups were not 
similar (Figure 1). The perfusion group had significant- 
ly less severe postpercutaneous transluminal coronary 
angioplasty stenosis, 33 + 3%, than the conventional 
group, 55 + 17% (p <0.02). Angiographic success (as 
defined earlier) occurred in 84% of the perfusion group 
compared with only 62% of the conventional group (p 
<0.05) (Figure 2). An angiographic example of the 
successful use of the perfusion balloon catheter after 
major dissection is shown in Figure 3. 

Clinical outcome: The clinical outcomes parallel the 
angiographic results, with 74% of the perfusion group 
free of complications versus 48% of the conventional 


2.8+0.2 
6.54+1.2 


2.9 +0.2 
5.84+1.5 
679 + 160 





Conventional 
n=48 
FIGURE 2. Comparison of angiographic success in the con- 
ventional and perfusion balloon catheter (PBC) group. 
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group (Figure 4). The differences in outcome extended 
to all major clinical complications; the perfusion group 
had fewer deaths (6 vs 2%), myocardial infarctions (40 
vs 14%) and emergency coronary artery bypass grafts 
(25 vs 11%). However, only the difference in myocardi- 
al infarction achieved statistical significance. All of the 
deaths occurred in patients undergoing emergency by- 
pass surgery and all patients who underwent bypass 
surgery had a myocardial infarction. 


DISCUSSION 

Major dissection and abrupt closure complicates 2 
to 10% of percutaneous transluminal coronary angio- 
plasty procedures.'!~'? Bredlau et alë noted that the 
presence of an intimal dissection at the time of angio- 
plasty resulted in a 6.5-fold increase in major complica- 
tions. The frequency of dissection and occlusion did not 
change with experience over the period of enrollment of 
the 1977 to 1981 National Heart, Lung, and Blood 
Institute Percutaneous Transluminal Coronary Angio- 
plasty Registry.!°!! With improvement in technique, 
equipment, and operator skill, the overall success rate 
was improved and the complication rate decreased in 
the 1985 to 1986 National Heart, Lung, and Blood 
Institute Registry, but there was still a 1% in-hospital 
mortality rate, a 4.3% rate of myocardial infarction and 
a 1.8% rate of emergency coronary artery bypass 
graft.?:!° Clinical and angiographic characteristics have 
been suggested as risk factors for abrupt closure and 
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FIGURE 3. Coronary angiograms of a 42-year-old man with 


of a major dissection with reduced blood flow distally after di- 


~ lation with a conventional balloon. Lower left, the perfusion 


balloon catheter is placed across the dissection. The length of 
the inflations was 22 minutes. Lower right, the final angio- 
graphic results with an effective coronary lumen and antero- 
grade flow. 





poor outcome during percutaneous transluminal coro- 
nary angioplasty.!9.!' Ellis et al,!! in a review of 4,772 
patients undergoing percutaneous transluminal coro- 
nary angioplasty, identified 6 variables by multivariant 
analysis that were related to the occurrence of abrupt 
vessel closure.!! They included postpercutaneous trans- 
luminal coronary angioplasty percent stenosis, the pres- 
ence of intimal tear dissection, postpercutaneous trans- 
luminal coronary angioplasty heparin infusion, branch 
point stenosis, fixed bend points in the artery and other 
stenoses >50% in diameter in the same vessel. In a 
recent study, Detre et al!® also identified a number of 
clinical angiographic variables associated with abrupt 
closure of the vessel; of all variables, intimal tear and 
dissection were highly associated with periprocedural 
occlusion, with an incidence of 21.3% when a dissection 
occurred, compared with 4.2% in its absence. When 
occlusion occurred, it resulted in a mortality rate of 5%, 
an inhospital myocardial infarction rate of 56% and a 
need for emergency bypass surgery in 40.2% of pa- 
tients. In addition, their patients had a less favorable 
long-term outcome over 2 years of follow-up. In our 
own experience, abrupt vessel closure accounts for 50% 
of all major inhospital complications in patients under- 
going percutaneous transluminal coronary angioplasty.? 

A variety of management strategies have been pro- 
posed to deal with this difficult clinical situation when it 
does arise.'> The first option is repeat inflation with a 
conventional balloon catheter. If this is unsuccessful, a 
more prolonged inflation with a perfusion balloon cath- 
eter would appear to be reasonable. Although the per- 
fusion balloon catheter is effective, it should be empha- 
sized that it cannot always be used. When guidewire 
access to the distal vessel cannot be obtained, passage 
of the perfusion balloon catheter balloon into the vessel 
is not possible. Also, when the dissection is located in a 
tortuous or small vessel, the large profile of the perfu- 


E Conventional n=48 
O PBC n=36 


MI CABG No Major 
Complications 


p=0.018 p=0.18 p=0.014 





FIGURE 4. Clinical complications in the conventional and per- 
fusion balloon catheter (PBC) groups. CABG = coronary ar- 
tery bypass grafting; MI = myocardial infarction; NS = not 
significant. 
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sion balloon catheter often cannot traverse and pass the 
area of dissection. In addition, the perfusion is passive; 
thus, distal flow depends on proximal flow and pres- 
sure. Side branches can often become occluded with the 
balloon catheter and these areas can become ischemic 
during prolonged inflation. Nevertheless, despite these 
limitations, we were able to obtain prolonged inflations 
without ischemia or with a significantly reduced level of 
ischemia in all patients studied. Our results indicate 
that the incidence of major complications, including 
myocardial infarction, death and emergency coronary 
artery bypass grafting, is less when a perfusion versus a 
conventional balloon catheter is used, although this 
reached statistical significance only for myocardial in- 
farction. In addition, our study shows that the likeli- 
hood of obtaining a successful angiographic result is 
also greater after prolonged inflations. This work con- 
firms previous uncontrolled, smaller studies that have 
shown that a perfusion balloon catheter is successful in 
avoiding coronary artery bypass grafting.!>!4 

Newer interventional techniques may also be effec- 
tive in treating major dissection. These include laser 
balloon angioplasty, atherectomy devices and intracoro- 
nary stents.'®!7 A recent study by Ferguson et al!” sug- 
gested that laser balloon angioplasty was successful in 
improving angiographic results and avoiding bypass 
surgery in 42 of 49 patients (86%) in whom abrupt 
vessel closure occurred. Two percent of the patients un- 
derwent bypass surgery and 2% received a stent; 2 pa- 
tients had a myocardial infarction and 1 died.!” These 
results are similar to those presented in our study. 
Limited data are available on the use of stents or ath- 
erectomy for treatment of abrupt vessel closure or 
dissection.'®:!9 Although potentially attractive, these 
approaches currently remain investigational and have 
limited availability. They also require greater operator 
skill than that necessary to use the perfusion balloon 
catheter successfully. 

Study limitations: A number of limitations should 
be noted. The study was retrospective and nonran- 
domized; however, the patient groups had similar base- 
line characteristics and, other than the use of the perfu- 
sion balloon catheter, we did not change our catheter- 
ization laboratory procedures during the study. Our 
data do not allow determination of the minimal effec- 
tive duration for perfusion balloon catheter inflation, or 
of the possible benefit of multiple prolonged perfusion 
balloon catheter inflations. 
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Correlation of Quantitative Angiographic 
Parameters with Changes in Left Ventricular 
Diastolic Function After Angioplasty of the Left 
Anterior Descending Coronary Artery 


Wing-Hung Leung, MB, MRCP, and Chu-Pak Lau, MD 


This study evaluates the changes in left ventricu- 


lar (LV) diastolic filling after percutaneous trans- 
luminal coronary angioplasty and the relation of 
such changes to quantitative angiographic mea- 
surements of the severity of coronary narrow- 
ings. Pulsed Doppler echocardiographic mea- 
surements were performed in 40 patients with 
single left anterior descending artery narrowing 
before, and 10 and 30 days after angioplasty. 
Minimal luminal diameter and percent diameter 
stenosis of coronary lesions were measured by 
computer-assisted quantitation. The ratio of ear- 
ly to late diastolic flow velocities (E/A ratio), time 
velocity integral of early diastolic filling period 
(Ei) and the ratio of early and late diastolic filling 
periods (Ei/Ai ratio) increased gradually after 
angioplasty. Minimal luminal diameter correlated 
significantly with the percent changes in E/A ra- 
tio (r = 0.59 at 10 days, r = 0.57 at 30 days), Ei 
(r = 0.53 at 10 days, r = 0.55 at 30 days) and 
Ei/Ai ratio (r = 0.41 at 10 days, r = 0.49 at 30 
days). Percent diameter stenosis showed overall 
weaker correlations than minimal diameter with 
the percent changes in E/A ratio (r = 0.39 at 10 
days, r = 0.32 at 30 days) and Ei (r = 0.38 at 
10 days, r = 0.31 at 30 days). Thus, LV diastol- 
ic filling improves serially after coronary angio- 
plasty in patients with 1-vessel disease. The 
magnitude of improvement in diastolic filling cor- 
relates better with minimal luminal diameter 
than percent diameter stenosis. Therefore, mini- 
mal luminal diameter is a better predictor of 
changes in Doppler transmitral flow parameters 
after angioplasty than percent diameter stenosis. 
(Am J Cardiol 1991;67:1061-—1066) 
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ecently, pulsed Doppler echocardiography has 

been shown to be useful in evaluating left ven- 

tricular (LV) diastolic filling dynamics because 
Doppler-derived transmitral flow velocities reflect the 
rate of LV volume change.'~> By using such noninva- 
sive Doppler techniques, abnormal LV diastolic func- 
tion has been found in patients with ischemic heart dis- 
ease,°? LV hypertrophy,'° acute cardiac allograft re- 
jection,!! diabetic cardiomyopathy,'? doxorubicin 
cardiotoxicity'!? and connective tissue diseases.'4!° A 
previous study showed that Doppler-derived LV dia- 
stolic filling abnormalities improved within 2 days after 
percutaneous transluminal coronary angioplasty and 
continued to improve up to 9 days.!®© However, it re- 
mains unknown whether the improvement will continue 
in longer term. Although quantitative angiographic 
measurements have been found to correlate with im- 
paired LV systolic function,'’ there is no study to date 
to assess the relation between quantitative angiographic 
variables and LV diastolic dysfunction. The present 
study determines the temporal changes in Doppler-de- 
rived indexes of LV diastolic filling up to 30 days after 
angioplasty in patients with l-vessel coronary artery 
disease. In addition, the relation between these changes 
in LV diastolic function and quantitative angiographic 
measurements of narrowing severity was evaluated. 


METHODS 

Patients: Forty-five consecutive patients with stable 
exertional angina pectoris were considered. All were 
candidates for angioplasty of a significant (>75% di- 
ameter stenosis) isolated proximal left anterior descend- 
ing artery narrowing. Patients with total occlusion of 
the left anterior descending artery, heavily calcified le- 
sions or extensive collateral arteries were excluded. Pa- 
tients with atrial fibrillation, valvular heart disease, con- 
genital heart disease, cardiomyopathy, systemic hyper- 
tension, history of acute myocardial infarction, and 
reduced angiographic or echocardiographic LV ejection 
fraction (<50%) were also excluded. Three patients 
were excluded because of unsatisfactory Doppler re- 
cordings, 2 because of inadequate coronary angio- 
grams. Hence, the study group consisted of 40 patients 
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(31 men and 9 women aged 40 to 69 years [mean age 
+ standard deviation 58 + 12)). 

Cardiac catheterization and coronary angioplasty: 
Selective coronary arteriography was performed using 
the percutaneous femoral approach. Coronary angio- 
grams were obtained after administration of intracoro- 
nary nitroglycerin just before and immediately after 
coronary angioplasty. Nitroglycerin was given to mini- 
mize the effect of varying vasomotor tone on vessel lu- 
men diameters. All angiograms were reviewed as suit- 
able for analysis by quantitative coronary arteriogra- 
phy. Multiple projections including cranial and caudal 
angulated views were obtained for all patients. All pa- 
tients had given written informed consent for the study. 

Coronary angioplasty was performed in a routine 
fashion using appropriately sized balloon catheters. Bal- 
loon inflations were maintained for a period of 30 to 90 
seconds at pressures of 4 to 9 atm. Before angioplasty, 
nitrates were given to 40 patients, calcium antagonists 
to 29 patients and 8 blockers to 8 patients. Doses of 
these medications were unchanged after angioplasty in 
order to minimize the effects of alteration in medica- 
tions on LV filling dynamics. 

Quantitative coronary arteriography: Coronary 
cineangiographic films were analyzed by computer-as- 
sisted edge-detection using a 35-mm cine film transport 
mechanism mounted on a movable stage (Vanguard 
Instruments, Melville, New York).!8 End-diastolic cine 
frames, which clearly demonstrated the stenotic seg- 
ment, were selected and magnified (X 3.5). Coronary 
segments were centered in the image field, and the im- 
age was digitized with a video processor (model 5524 
De Anza Systems, Fremont, California) controlled by a 
Hewlett Packard 2100 computer (Andover, Massachu- 
setts). The digitized image was displayed on a graphic 
computer terminal linked to a light pen. The margins of 
either the catheter or coronary segment were traced 
manually using the light pen. Using these lines as initial 
search locations, the automatic edge-finding algorithm 
drew and smoothed the edges, defining the edge as the 
peak of the first derivative of the gray-scale density gra- 
dient, perpendicular to the long axis of the catheter or 
vessel as estimated from the initial manual tracings. 
When the computer algorithm was unable to resolve 
vessel boundaries in areas of noise or vessel crossings, 
manual editing of short segments of boundary with the 
light pen was used to correct the computer-generated 
boundary. At no time did the length of a manually en- 
tered margin exceed 20% of the total length of the 
quantitated segment. After the light pen indicated the 
_ segment fiducial (starting) and end points, the mea- 
surements of the segment were computed from perpen- 
diculars constructed through the length of a computer- 
generated center line. The minimal diameter and per- 
cent diameter stenosis of the lesion were used for 


subsequent analysis. Catheters of known diameters 
were used for calibration. !° 

Doppler echocardiography: Doppler examination 
was performed at baseline within 48 hours before angi- 
oplasty and was repeated 10 and 30 days after angio- 
plasty. Calcium antagonists and 6-blocking agents were 
discontinued 72 hours and nitrates were discontinued 
12 hours before all Doppler examinations. 

Pulsed Doppler studies of LV diastolic filling were 
performed through an apical 4-chamber view with the 
Doppler cursor oriented parallel to the long-axis plane 
of the left ventricle and the sample volume placed just 
below the level of the mitral anulus. The position of the 
sample volume was adjusted to render the highest early 
velocity peak of the transmitral flow signal at baseline. 
The position and depth of the sample volume were re- 
corded and used for subsequent studies. All patients 
were examined in the left lateral position. The study 
was performed with a Hewlett-Packard model 77020A 
echocardiographic system with a 2.5-MHz transducer. 
Pulsed Doppler images were recorded on paper at a 
speed of 100 mm/s for subsequent measurement. 

Analysis of the Doppler transmitral inflow velocity 
recording was performed as previously described.2°2! 
The Doppler velocity curve of 4 consecutive cardiac cy- 
cles was digitized through the darkest gray scale and 
the variables obtained were averaged. Variables of LV 
diastolic function used in this study included: (1) peak 
early diastolic flow velocity (E); (2) peak late diastolic 
flow velocity that is due to atrial contraction (A); (3) 
ratio of peak early and late diastolic flow velocities (E/ 
A); (4) time velocity integral of the early diastolic fill- 
ing period (E;); (5) time velocity integral of the late 
diastolic filling period (Aj); (6) ratio of early and late 
diastolic filling periods (E;/Aj;); and (7) time velocity 
integral of transmitral flow during the first third of 
diastole (1% filling fraction [14 FF]). 

Statistical analysis: All data are expressed as mean 
+ standard deviation. Analysis of variance for repeated 
measures was used to compare data before and after 
coronary angioplasty. Linear regression analysis was 
performed on percent changes in Doppler parameters 
of LV diastolic filling after angioplasty and quantitative 
angiographic measurements. Differences were consid- 
ered significant when the confidence limits exceeded 
95% (p <0.05). 


RESULTS 

Baseline clinical characteristics: The angiographic- 
determined ejection fraction of the 40 patients studied 
was 66 + 12% (range 53 to 78). The minimal narrow- 
ing diameter was 0.54 + 0.26 mm (range 0.15 to 1.11) 
and the percent diameter stenosis was 85 + 6% (range 
75 to 96). At baseline, the resting heart rate was 71 + 
12 beats/min, the systolic blood pressure was 113 + 15 
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TABLE I Doppler Echocardiographic Indexes of Left Ventricular Diastolic Filling Before and After Percutaneous Transluminal 
Coronary Angioplasty in 40 Patients with Stable Exertional Angina Pectoris with Isolated Lesion in the Proximal Left Anterior 
Descending Artery 


10 Days After PTCA 


Baseline 
Value 


E (cm/s) 69+ 16 
A(cm/s) 66415 
E/A 1.04+0.29 
Ei (cm) TIES 

Ai (cm) 7+3 

Ei /Ai 1.53+0.39 
1/3 FF (%) 42+11 


82418 
64412 
1.31 +0.30* 
14+ 4* 
6+4 
1.91 +0.33* 
49+ 16 


30 Days After PTCA 


% Change 
Versus 
Baseline 


% Change 
Versus 
Baseline 


88+ 18 
62413 
1.434 0.27t+ 
154+ 4** 
6+3 
2.20 + 0.3514 
53417 


* p <0.01 versus baseline; ' p <0.005 versus baseline; * p <0.05 versus 10 days after PTCA. 


Values are expressed as mean + standard deviation. 


A = peak late diastolic flow velocity that is due to atrial contraction; Ai = time velocity integral of the late diastolic filling period; E = peak early diastolic flow velocity; Ei = time veloci- 
ty integral of the early diastolic filling period; E/A = the ratio of peak early and late diastolic flow velocities; Ei /Ai = ratio of early and late diastolic filling periods; 1 /3 FF = time veloci- 
ty integral of transmitral flow during the first third of diastole; PTCA = percutaneous transluminal coronary angioplasty. 


mm Hg and the diastolic blood pressure was 69 + 12 
mm Hg. There were no significant differences in rest- 
ing heart rate, systolic and diastolic blood pressures be- 
fore, 10 days after and 30 days after angioplasty. 
Serial changes in Doppler indexes of left ventricular 
diastolic filling after angioplasty: Table I and Figure | 
show the serial changes in Doppler indexes of LV dia- 
stolic filling before and after angioplasty. There was a 
significant increase in E/A ratio 10 days after angio- 
plasty (1.31 + 0.30 vs 1.04 + 0.29, p <0.01), corre- 
sponding to an increase of 26 + 8%. Further increase in 
E/A ratio was observed 30 days after angioplasty (1.43 
+ 0.27 vs 1.04 + 0.29, p <0.005 compared with that at 
baseline; 1.43 + 0.27 vs 1.31 + 0.30, p <0.05 com- 
pared with that 10 days after angioplasty). This corre- 
sponded to an increase of 37 + 15% compared with 
that at baseline (Figure 1). There were no significant 


FIGURE 1. Serial changes in 
Doppler indexes of left ven- 
tricular diastolic filling in 40 


coronary 
plasty (PTCA). A = peak late 
diastolic flow velocity that is 


filling period; E/A = the ratio 
of peak early and late dia- 
stolic flow velocity; Ei/Ai = 





differences in either E or A at 10 or 30 days after angi- 
oplasty (Figure 1). 

Ei increased significantly 10 days after angioplasty 
(14 + 4 vs 11 + 3 cm, p <0.01), which corresponded 
to a 26 + 10% increase. There was a significant in- 
crease in Ei 30 days after angioplasty (15 + 4 vs 11 + 
3 cm, p <0.005). This corresponded to a 35 + 15% 
increase compared with that at baseline (Figure 1). In 
addition, Ei/Ai ratio also showed a significant increase 
10 days after angioplasty (1.91 + 0.33 vs 1.53 + 0.39, 
p <0.01), which corresponded to a 25 + 8% increase. 
This ratio further increased 30 days after angioplasty 
(2.20 + 0.35 vs 1.53 + 0.39, p <0.005 compared with 
the ratio at baseline; 2.20 + 0.35 vs 1.91 + 0.33, p 
<0.05 compared with the ratio 10 days after angio- 
plasty). This corresponded to a 44 + 13% increase 
compared with the ratio at baseline. There were no sig- 
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nificant differences in either Ai or 4% FF at 10 or 30 
days after angioplasty compared with indexes at base- 
line. 

Relation of quantitative angiographic variables to 
changes in left ventricular diastolic filling indexes (Fig- 
ures 2 and 3): Correlation coefficients were sought be- 
tween minimal luminal diameter or percent diameter 
stenosis and baseline Doppler indexes of diastolic filling 
or percent changes of the indexes after angioplasty. No 


o-—--o 10 days after PTCA 
=—s 30 days after PTCA 


y = 55.11 - 32.36x 
r = 0.57, p <0.001 
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FIGURE 2. Correlation between minimal luminal diameter and 
percent changes in Doppler indexes of left ventricular diastolic 
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significant correlation between the quantitative angio- 
graphic variables and baseline Doppler indexes was 
found. However, there was a close correlation between 
the minimal luminal diameter and the percent change 
in E/A ratio both 10 days after angioplasty (r = 0.59, 
p <0.001) and 30 days after angioplasty (r = 0.57, p 
<0.001) (Figure 2). The minimal luminal diameter 
also correlated significantly with the percent change in 
Ei (r = 0.53, p <0.005 at 10 days; r = 0.55, p <0.005 
at 30 days) and the percent change in Ei/Ai ratio (r = 
0.41, p <0.01 at 10 days; r = 0.49, p <0.005 at 30 
days) (Figure 2). 

Percent diameter stenosis showed overall weaker 
correlations with the percent changes in Doppler index- 
es than minimal luminal diameter. It showed correla- 
tion with percent change in E/A ratio 10 days after 
angioplasty (r = 0.39, p <0.02) and 30 days after angi- 
oplasty (r = 0.32, p <0.05) (Figure 3). Percent diame- 
ter stenosis showed significant correlations with percent 
change in Ei 10 days after angioplasty (r = 0.38, p 


o---o 10 days after PTCA 
ma—as 30 days after PTCA 


y = -31.86 + 0.82x 
r=0.32, p <0.05 


% Change in E/A ratio 


y = -22.29 + 0.57x 
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FIGURE 3. Correlation between percent diameter stenosis and 
percent changes in Doppler indexes of left ventricular diastolic 
filling after percutaneous transluminal coronary angioplasty 
(PTCA). Abbreviations as in Figure 1. 
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<0.02) and 30 days after angioplasty (r = 0.32, p 
<0.05) (Figure 3). Its correlations with percent change 
in Ei/Ai ratio 10 or 30 days after angioplasty were not 
significant. 


DISCUSSION 

In this study, serial improvement of Doppler indexes 
of LV diastolic filling after angioplasty is demonstrated. 
The E/A ratio, Ei and Ei/Ai ratio show significant im- 
provement 10 days after angioplasty. Furthermore, the 
improvements in E/A and Ei/Ai ratios continue up to 
30 days after angioplasty. This is the first study to show 
that improvement in diastolic function after angioplasty 
occurs up to 30 days. In addition, this study also dem- 
onstrates that the magnitude of improvement of LV 
diastolic function after angioplasty correlates with the 
severity of coronary narrowings. Absolute minimal lu- 
minal diameter shows better correlation with changes 
in LV diastolic function than percent diameter stenosis. 

Serial improvement in left ventricular diastolic func- 
tion after coronary angioplasty: Impairment of LV 
diastolic function has been observed in patients with 
coronary artery disease in whom there was no evidence 
of active ischemia or previous myocardial infarction.>- 
9,22,23 LV diastolic performance is the result of the com- 
plex interaction of LV relaxation, compliance and fill- 
ing load as well as effects of regional nonuniformity of 
function.** The pattern observed by Doppler measure- 
ments of transmitral flow in patients with myocardial 
ischemia is characterized by the reduction in E, in- 
crease in A and reduction in E/A ratio. Recent studies 
by several investigators suggest that such a pattern is 
primarily the result of impairment of the energy-requir- 
ing process of ventricular deactivation (relaxation ).242> 

This study shows that LV diastolic filling improves 
to some extent within 10 days after coronary angio- 
plasty and this further improves by 30 days. Such im- 
provement in diastolic filling is consistent with previous 
studies. 16:2226 Bonow et al?” found significant improve- 
ment in LV diastolic function at rest after coronary an- 
gioplasty in a radionuclide study. Mizuno et al,?° in a 
cineangiographic study, reported improvement in re- 
gional as well as global diastolic performance after cor- 
onary angioplasty. Masuyama et al,!6 by using similar 
Doppler echocardiographic techniques, found that LV 
diastolic filling improved within 2 days after coronary 
angioplasty and further improved by 9 days. The pat- 
tern and magnitude of changes in Doppler-derived in- 
dexes of LV diastolic filling observed in their study are 
consistent with those of the present study. However, the 
current study further shows that LV diastolic perfor- 
= mance continues to improve 30 days after coronary an- 
~ gioplasty. 

The exact mechanisms for the gradual improvement 
in LV diastolic abnormalities remain unclear. The ob- 


served changes in these Doppler indexes are most likely 
due to improved LV relaxation. Impaired LV diastolic 
function at rest may be a manifestation of subclinical 
myocardial ischemia. Improved diastolic filling after 
coronary angioplasty may reflect a decrease in revers- 
ible myocardial ischemia.?? Masuyama et al!6 postulate 
that the prolonged impairment or gradual improvement 
in LV diastolic filling after angioplasty may be the re- 
sult of myocardial “stunning.” Another possible mecha- 
nism may be related to the effect of early diastolic coro- 
nary flow on the rate of LV relaxation.?® Since rapid 
filling and distention of the coronary bed is an impor- 
tant mechanical driving force for augmenting and sus- 
taining LV relaxation, the improved coronary flow after 
angioplasty may contribute to the improved diastolic 
relaxation independent of any potential effect on myo- 
cardial ischemia. Although unlikely, other possible fac- 
tors that may contribute to the observed changes in 
these Doppler indexes include changes in LV end-dia- 
stolic pressure and LV compliance. 

Correlation of changes in left ventricular diastolic 
function and quantitative angiographic variables: This 
study shows that the improvement in LV diastolic func- 
tion after coronary angioplasty correlates with the se- 
verity of the coronary stenosis. This is in accord with a 
previous study!® in which the percent improvement in 
the Doppler indexes of LV diastolic function after angi- 
oplasty was found to be greater in patients with severe 
stenosis (>90%) than in those with mild stenosis 
(<90%). On the other hand, no significant correlation 
between the quantitative angiographic variables and 
baseline Doppler parameters was found in the present 
study. This is probably due to the fact that these filling 
indexes also depend on other variables such as age, 
heart rate, PQ interval, blood pressure and LV wall 
thickness. !6 

The severity of coronary narrowing is frequently as- 
sessed by angiographic determination of the percent of 
diameter or area narrowing relative to an assumed nor- 
mal portion of the artery. However, the use of percent 
stenosis has been questioned as a guide to the function- 
al significance of a lesion.*’ Pathologic studies have 
demonstrated that atherosclerosis is a diffuse process, 
and even when the angiogram only demonstrates a sin- 
gle stenosis, <25% of the length of the arteries will be 
free of disease and truly normal.?8:2? White et al?’ 
showed that measurements of percent diameter stenosis 
correlate very poorly with a physiologic assessment of 
stenosis severity determined by hyperemic flow re- 
sponse after temporary coronary occlusion during open 
heart surgery. 

For these reasons, it has been suggested that mini- 
mal luminal dimensions (either cross-sectional area or 
linear diameter) would be preferable to using percent 
diameter stenosis to assess the severity of coronary le- 
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sions. Harrison et al? reported that the minimal lumi- 
nal diameter correlated better with the hyperemic flow 
velocity response after transient occlusion of the left an- 
terior descending artery. Tobis et al!” found that mini- 
mal luminal diameter correlated better than percent di- 
ameter stenosis with the pacing-induced reduction in 
segmental wall motion and global ejection fraction in 
patients with significant 1-vessel disease. 

Our data are consistent with these findings in that 
the minimal lesion diameter shows better correlation 
than percent diameter stenosis with the percent changes 
in LV diastolic filling indexes. These results support 
that minimal luminal diameter is a better measure than 
percent stenosis in assessing the severity of coronary ar- 
tery obstruction. These findings also support the use of 
Doppler-derived indexes of LV filling as functional as- 
sessment of lesion severity. Because there are many 
other factors that affect these indexes,!® the applica- 
tions of these indexes in evaluating the functional sig- 
nificance of coronary lesions are limited in individual 
patients. Nevertheless, serial measurements of these in- 
dexes may be useful in assessing temporal changes in 
the degree of coronary stenosis, especially after coro- 
nary angioplasty. 
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Waking and Rising at Night as a Trigger of 
Myocardial Ischemia 


Joan Barry, BA, Stephen Campbell, MD, Alan C. Yeung, MD, 
Khether E. Raby, MD, and Andrew P. Selwyn, MD 


A diurnal pattern of changes in transient myo- 


cardial ischemia has been well documented in 
patients with coronary artery disease (CAD) with 
an increase in the early morning hours. To fur- 
ther investigate potential triggers of ischemia, 
certain defined and distinct episodes of waking 
and rising during the nighttime were examined. 
Of 113 patients who underwent ambulatory 
monitoring of the electrocardiogram, 466 epi- 
sodes of ischemia lasting 3,926 minutes were 
detected in 67 of the patients. In 30 patients 
who had ischemia at night, 21 reported 36 occa- 
sions of waking and rising, and 67% of these 
events were associated with ST-segment depres- 
sion. Frequency and duration of ischemia were 
similar in the nocturnal episodes versus the early 
morning episodes of ischemia as were the in- 
creases in heart rate at 30, 10, 5 and 1 minute 
before the onset. Even before waking, there was 
an increase in heart rate beginning approximate- 
ly 30 minutes before the onset of ischemia. This 
increase became significant 5 minutes before on- 
set both in the early morning and on rising at 
night. Patients with nocturnal ischemia had sig- 
nificantly worse clinical signs of CAD. This study 
shows that rising at night is often associated 
with episodes of myocardial ischemia and, like 
the morning events on rising, is likely an impor- 
tant trigger of ischemia in patients with CAD. 
(Am J Cardiol 1991;67:1067-1072) 
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reversible effects including transient myocardi- 

al ischemia. This correlates with the increased 
risk of adverse coronary events such as myocardial in- 
farction and sudden death.' The occurrence of ischemia 
during the day is related in part to the intensity of both 
physical and mental activities.2 In addition, transient 
ischemia is greatly increased during the first 2 to 4 
waking hours of the day.*° Separate studies have 
shown that myocardial infarction and sudden coronary 
death also occur with increased frequency at the same 
time.*'!! Rocco et al? related these early morning 
events to the act of waking. Muller et al® speculated 
that rising in the morning was associated with activa- 
tion of the sympathetic nervous system with other 
changes in cardiovascular physiology. 

Transient myocardial ischemia also occurs during 
the night!? as do many damaging coronary events such 
as myocardial infarction and sudden coronary death. 
This study examines patients who wake and rise during 
the night for a brief and well-defined period and then 
return to sleep. The effects of these discrete episodes on 
the activity of CAD is examined as a potential trigger 
of ischemia, to test the hypothesis that waking and ris- 
ing is one of the many triggers of CAD. 


C oronary artery disease (CAD) exerts important 


METHODS 

Study group: Between 1985 and 1988, 128 consecu- 
tive patients were selected for ambulatory monitoring of 
the electrocardiogram and 86 of these were previously 
reported on in a prognosis study.! All patients gave 
written informed consent; all had clinical characteristics 
of CAD and a positive exercise test result with >21 mm 
of ST-segment depression. Patients were excluded from 
the study if the resting electrocardiogram showed con- 
duction disturbances and left ventricular hypertrophy, if 
drugs known to affect the ST segment (e.g., digoxin) 
were being taken or if they were unable to discontinue 
their antianginal medications. Eleven patients were ex- 
cluded for technical reasons. The following clinical in- 
formation was obtained for each patient: age, sex, New 
York Heart Association classification for angina pecto- 
ris, extent of CAD defined as >70% stenosis in at least 
l of the large epicardial arteries, and prior myocardial 
infarction documented by electrocardiographic changes 
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TABLE I Clinical Characteristics of Patients with Daytime 
and Nocturnal Ischemia Versus Patients with Daytime 
Ischemia Only 


Characteristic Group 1 Group 2 p Value 


Age (year) 6l 410 
Sex, (% men) 83 
NYHA class 1.90.7 
History of MI (%) 67 
No. of vessels 2.4+0.7 
with CAD 
ETT duration 
(min) 
ETT—time to 
ST (min) 
ETT-HR at ST 
(beats /min) 
Values are expressed as mean + standard deviation. 
CAD = coronary artery disease; ETT = exercise tolerance test; HR = heart rate; MI 


= myocardial infarction; NS = not significant; NYHA = New York Heart Association; 
SD = standard deviation; ST = ST-segment depression. 


5.0+2.4 6.4429 


2.74+1.6 3.84 2.0 


113415 121 +18 


and serum creatine kinase-MB isoenzyme levels. Exer- 
cise duration, time to ST-segment depression and heart 
rate at ST-segment depression were measured during 
the Bruce protocol exercise test. Risk factors for heart 
disease were documented. 

Ambulatory monitoring of the electrocardiographic 
technique: Antianginal medications were withdrawn 
>24 hours before ambulatory monitoring except for 
long-acting 8 blockers, which were discontinued 248 
hours before monitoring. Patients were instructed to 
take sublingual nitroglycerin as needed for symptoms. 
Two lead positions showing the most positive changes 
on each patient’s most recent exercise tolerance test 
were used for monitoring (Oxford Medilog FM). Pa- 
tients were instructed to keep a diary of their daily ac- 
tivities including all noctural awakenings. They were 
also asked to record episodes of angina pectoris.? 

Analysis of the ambulatory monitor: The 24-hour 
calibrated tapes were analyzed using a Cardiodata 
Mark IV computer. ST-segment depression was de- 
fined as >1 mm depression at 80 ms from the J point, 
from the patient’s baseline electrocardiogram, persisting 
for >60 seconds.!3 The time, duration and heart rate at 
the onset of each episode of ischemia were recorded. 
Heart rate at 30, 10, 5 and | minute before the onset of 
ischemia was also recorded. For each patient the total 
frequency and duration were calculated every 24 hours. 
The time patients went to sleep, arose during the night, 
and awoke and rose out of bed in the morning were 
noted from the patients’ diaries. According to each in- 
dividual patient’s diary, daytime is defined as the pa- 
tient’s awake hours and nighttime as the time the pa- 
tient went to sleep and arose the following morning. 
Morning ischemia is defined as the first 3 hours after 
waking. 

Statistical analysis: Group differences in the clinical 
characteristics were tested using a ¢ test when data fell 
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on a continuous scale and by a chi-square test when the 
data were categorized. Data on frequency, duration of 
ischemia and changes in heart rate were not normally 
distributed and therefore data were converted into 
ranks and analyzed by a Mann-Whitney U test. Heart 
rates were compared by means of an unpaired f¢ test. 
Group differences were used to examine the relation 
between rising at night and ischemia (chi-square test). 


RESULTS 

Clinical characteristics: Ninety-five men and 22 
women aged 36 to 81 years were studied. Data from 4 
patients were omitted because they did not return or 
keep adequate diaries. Ischemia was detected in 67 of 
the 113 patients monitored without cardiac medica- 
tions. These results focus on the 67 patients with docu- 
mented ischemia. Group | consisted of 28 patients who 
experienced ischemia during both day and nighttime 
hours and 2 patients who experienced ischemia during 
nighttime hours only. Group 2 consisted of 37 patients 
who experienced ischemia only during waking hours. 
Table I lists the clinical characteristics of the 2 groups. 

Twenty five men and 5 women were in group | 
(mean age + standard deviation 61 + 10 years). Twen- 
ty of the patients had undergone coronary angiography, 
with 2 patients having I-vessel, 8 patients having 2- 
vessel and 10 patients having 3-vessel CAD. Of the 10 
patients who did not undergo angiography, 5 had a his- 
tory of a documented myocardial infarction. One pa- 
tient had evidence of myocardial ischemia by thallium 
scintigraphy. The remaining 4 patients had a high pre- 
test likelihood for CAD with stable anginal symptoms, 
a positive exercise test and prominent risk factors for 
CAD. 

Group 2 consisted of 33 men and 4 women aged 61 
+ 9 years. Twenty-six of the patients in this group had 
undergone coronary angiography, with 9 patients hav- 
ing l-vessel, 11 patients having 2-vessel and 6 patients 
having 3-vessel CAD. Of the 11 patients who did un- 
dergo angiography, 3 had evidence of a prior docu- 
mented myocardial infarction and | patient had evi- 
dence of ischemia by thallium scintigraphy. The re- 
maining 7 patients had a high likelihood of significant 
obstructive CAD based on history, risk factors and ex- 
ercise testing. 

Group 1 versus group 2: Table I shows that many 
important clinical features of CAD are worse in group 
| than in group 2, such as worse angina and a greater 
number of stenosed coronary vessels, as well as a lower 
work threshold on exercise testing, despite similar age, 
sex and risk factors. The patients in group | not only 
have ischemia distributed over the day and nighttimes 
compared with group 2 patients who only have isch- 
emia during the day, but also have a greater frequency 
and duration of ischemia every 24 hours (Table II). 
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Ambulatory monitoring of ischemia: A total of 466 
episodes of ST-segment depression lasting 3,926 min- 
utes were detected by ambulatory monitoring. Results 
are expressed as median and range unless otherwise 
noted. (Table II describes the characteristics of episodes 
of ST-segment depression during ambulatory monitor- 
ing.) When comparing daytime ischemia only, group | 
had a median of 5 episodes (per 24 hours) (0 to 25) 
lasting an average of 6 minutes (0 to 52) compared 
with a median of 2 episodes (1 to 20) lasting 4 minutes 
(1 to 54) in group 2 (p = 0.008 and difference not 
significant [NS], respectively). Two of the patients in 
group | had noctural ischemia only. 

Relation between rising at night and ischemia: Of 
the 67 patients studied, 26 patients did not rise and did 
not exhibit signs of ischemia at night. Eleven patients 
reported getting up at night on 14 occasions but did not 
show signs of ischemia. The remaining 30 patients 
(group 1) exhibited 196 episodes of ischemia lasting a 
total of 1,848 minutes. Of these, 78 episodes of isch- 
emia lasting 335 minutes occurred at night. Nine pa- 
tients had ischemia during sleep only. Thirty-six epi- 
sodes of waking and rising were reported in the re- 
maining 21 patients. Twenty-four of these (67%) 
were accompanied by ischemia and 33% were not (p 
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TABLE Il Characteristics of Episodes of ST-Segment 
Depression During Monitoring in Patients with Both Daytime 
and Nocturnal Ischemia Compared with Patients with 
Ischemia During the Day Only 


Group 2 
Median (range) p Value 


Group 1 
Median (range) 


No. of 8 (1-33) 
episodes /24 hrs. 
Total 
duration /24 hrs. 
(min) 
Average 
duration /24 hrs. 
(min) 
Heart rate at 
onset of ischemia 
No. of episodes / 
daytime (hrs.) 
Total duration / 
daytime hrs. 
(min) 


NS = not significant. 


2 (1-21) 


41 (1-495) 10 (1-346) 


6 (1-48) 4 (1-54) 


95412 108+ 19 


5 (0-25) 2 (1-20) 


6 (0-52) 4 (1-54) 


<0.001 ). Only 4 of the 21 patients who reported rising 
at night did not have accompanying ischemia, but did 
exhibit ischemia during sleep. 

There was an increase in heart rate that began => 30 
minutes before the onset of ischemia, and became sig- 
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FIGURE 1. In this 60-year old male patient, there was a significant increase in heart rate that started 30 minutes before onset 
of ischemia in the morning (A.M.), on rising at night and during sleep. The increase in heart rate before onset of ischemia starts 
before both waking and rising from sleep, and before waking and rising in the A.M. 
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nificant 5 minutes before the onset of ischemia in the 
morning and on rising at night (Figure | ). The increase 
in heart rate before the onset of ischemia was seen both 
in patients with morning ischemia and in those rising 
from sleep. 

Relation of nocturnal ischemia and ischemia on 
morning rising: Of the patients who rose at night with 
associated ischemia, 13 (76%) also had ischemia within 
3 hours of waking and getting up out of bed (Figure 2). 
Similarly, 7 of the 9 patients (78%) who had nocturnal 
ischemia during sleep only also demonstrated early 
morning ischemia. There were a number of similarities 
in the characteristics of the ischemic events occurring at 
night and during morning waking and rising. 

For the 17 patients who had nocturnal and morning 
ischemia, comparison of the median changes in heart 
rate (expressed as beats per minute) 30, 10, 5 and | 
minute before the onset of ischemia in the morning ver- 
sus the onset of ischemia when they arose at night was 
16 vs 16 (p = NS), 15 vs 11 (p = NS), 9 vs 11 (p = 
NS) and 5 vs 3 (p = NS), respectively. Additionally, in 
the same patient population, comparison between the 
median changes in heart rates (expressed as beats per 
minute) at the same time intervals before the onset of 
ischemia in the morning versus the onset of ischemia 
during sleep was 16 vs 12 (p = NS), 15 vs 11 (p = 
NS), 9 vs 5 (p = NS) and 5 vs 2 (p = NS), respective- 
ly. The average duration of ischemic episodes during 
nocturnal waking and rising was 5 vs 4 minutes in the 
morning (p = NS). The average incidence of chest 
pain was 15% at night vs 11% in the morning (p = 
NS). 

Overall, mean heart rate (expressed as beats per 
minute) at the onset of ischemia during the exercise test 
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was 113 + 15 for group | compared to 121 + 18 for 
group 2 (p <0.05). Mean heart rate at the onset of 
ischemia during the 24-hour monitoring was 95 12 
for group | compared with 108 + 19 for group 2 (p = 
0.002). 

Relation between sleep and ischemia: Of the 30 pa- 
tients who had nocturnal ischemia (group 1), 9 patients 
had 19 episodes of ischemia at night only during sleep 
and did not report rising at night. The mean heart rate 
at 30, 10, 5 and 1 minute before onset and at onset of 
ischemia was 73, 74, 82, 85 and 88 beats/min, respec- 
tively. The increase in heart rate became significant 5 
minutes before the onset of ischemia (p = 0.001). Ad- 
ditionally, heart rate thresholds during sleep were cal- 
culated to determine if the heart rate increased to or 
exceeded those heart rates achieved during ischemia oc- 
curring during sleep. Heart rate in 7 of the 9 patients 
reached levels that equaled or exceeded those achieved 
during ischemia while asleep, but with no accompany- 
ing ischemia. However, these episodes of increased 
heart rate were short and lasted | to 2 minutes. 


DISCUSSION 

This study has shown that approximately 67 of 113 
patients (59%) with CAD have active ischemia during 
ambulatory monitoring and 30 of these patients (45%) 
had ischemia at night. This study also provides objec- 
tive evidence that rising at night is highly associated 
with the occurrence of transient myocardial ischemia. 
The characteristic changes in heart rate and the elec- 
trocardiographic signs of ischemia at night resemble the 
events that occur on waking and rising in the morning. 
Most ischemic events were preceded by a modest in- 
crease in heart rate that started 5 to 30 minutes before 


significant 
at 5 minutes before the ischemic events 
that occurred during each of the following 
times: waking and rising at night (NOC), 
during sleep and on waking in the morning 
(AM). However, there were no significant 
differences between groups in the increase 
in heart rate before ischemia. 


Depression 


30 min prior 
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onset of electrocardiographic changes. This was partic- 
ularly true for the morning events and the events occur- 
ring with waking at night. Interestingly, the increase in 
heart rate at night occurred even before waking. The 
occurrence of ischemia at night was associated with 
many other familiar clinical signs of more severe CAD. 

Transient myocardial ischemia detected during am- 
bulatory monitoring occurs more frequently on waking 
and is associated with the increased risk of adverse 
coronary events.!:!? Interestingly, myocardial in- 
farction and sudden coronary death also occur with in- 
creased frequency in the first 2 to 4 waking hours of 
the day.® '° These conditions occur in patients with ath- 
erosclerotic stenoses in epicardial arteries that usu- 
ally have considerable reduction in cross-sectional area, 
abnormal vasomotion and a tendency to thrombosis. 
These patients also exhibit significant variation in myo- 
cardial oxygen demand during daily life. Barry et al? 
showed that transient ischemia during daily life is asso- 
ciated with both physical and mental activities apart 
from the increased activities in the early morning. 
These observations all raise questions about the possible 
trigger mechanisms of ischemia in patients with CAD. 

It is known that waking and rising in the morning is 
associated with increased sympathetic nervous activity, 
increased heart rate,!4-!® circulating catecholamines, '7 
platelet aggregation,'*:!9 coronary artery tone”? and 
blood pressure reflecting the myocardial demand for 
oxygen,”!-*4 while fibrinolytic activity in the blood de- 
creases.’ These physiologic changes must be interpret- 
ed with well known clinical features such as the more 
aggressive appearance of angina in the morning and 
decreased exercise capacity due to ischemia at the same 
time. The evidence given would suggest that in patients 
with atherosclerotic stenoses in epicardial arteries, there 
are changes in both coronary blood supply and myocar- 
dial demand in the first 2 to 4 waking hours that could 
lower the threshold to ischemia. 

This study has shown that when patients wake up at 
night the same transient alterations in cardiovascular 
physiology occur that are seen in the morning. Indeed, 
these episodes were frequently associated with the oc- 
currence of myocardial ischemia. The episodes at night 
are distinct with the opportunity to define the waking 
period and return to sleep. The association with tran- 
sient ischemia is clearly demonstrated. 

Lambert et al? showed that administration of 8- 
adrenergic receptor blocking drugs can lead to the sup- 
pression of early morning ischemia. However, the pa- 
tients in our study were not taking 8-blocking drugs. It 
is potentially important to know if the use of therapeu- 
tic doses of 6 blockers could suppress the ischemia oc- 


~ curring at night on waking and rising. 


It is not unreasonable to link the occurrence of isch- 
emia at night, more severe clinical signs of coronary 
disease and the increased risk of adverse cardiac events 
in these patients.':!? In addition, it appears that these 
transient events are affected by certain medications 
and likely affected by successful revascularization.?’:28 
Therefore, it becomes important to know if the treat- 
ment of these episodes would improve morbidity and 
mortality. 


REFERENCES 

1. Rocco MB, Nabel EG, Campbell S, Goldman L, Barry J, Mead K, Selwyn AP. 
Prognostic importance of myocardial ischemia detected by ambulatory monitor- 
ing in patients with stable coronary artery disease. Circulation 1988;78:877-884, 
2. Barry J, Selwyn AP, Nabel EG, Rocco MB, Mead K, Rebecca G. The 
frequency of ST-segment depression produced by mental stress in patients with 
stable angina and coronary artery disease. Am J Cardiol 1988:61:989-993. 

3. Rocco MB, Barry J, Campbell S, Nabel E, Cook EF, Goldman L, Selwyn AP. 
Circadian variation of transient myocardial ischemia in patients with coronary 
artery disease. Circulation 1987;75:395-400. 

4. Quyyumi AA, Mockus L, Wright C, Fox KM. Morphology of ambulatory ST 
segment changes in patients with varying severity of coronary artery disease. 
Investigation of the frequency of nocturnal ischaemia and coronary spasm. Br 
Heart J 1985;53:186-193. 

S. Deanfield JE, Maseri A, Selwyn AP, Ribiero P, Chierchia S, Krikler S, 
Morgan M. Myocardial ischaemia during daily life in patients with stable angina: 
its relation to symptoms and heart rate changes. Lancet 1983:2:753-758. 

6. Muller JE, Stone PH, Turi ZG, Rutherford JD, Czeisler CA, Parker C, Poole 
WK, Passamani E, Roberts R, Robertson T, Sobel BE, Willerson JT, Braunwald 
E, and the MILIS Study group. Circadian variation in the frequency of onset of 
acute myocardial infarction. N Engl J Med 1985;313:1315-1322. 

7. Muller JE, Ludmer PL, Willich SN, Tofler GH, Aylmer G, Klangos I, Stone 
PH. Circadian variation in the frequency of sudden cardiac death. Circulation 
1987;75:131-138. 

8. Tofler GH, Brezinski D, Schafer Al, Czeisler CA, Rutherford JD, Willich SN, 
Gleason RE, Williams GH, Muller JE. Concurrent morning increase in platelet 
aggregability and the risk of myocardial infarction and sudden cardiac death. N 
Engl J Med \987;316:1514-1518. 

9. Muller JE, Tofler GH, Stone PH. Circadian variation and triggers of onset of 
acute cardiovascular disease. Circulation 1989;79:733-741. 

10. Willich SN, Levy D, Rocco MB, Tofler GH, Stone PH, Muller JE. Circadian 
variation in the incidence of sudden cardiac death in the Framingham Heart 
Study population. Am J Cardiol 1987;60:801-806. 

11. Nademanee K, Intarachot V, Josephson MA, Singh BN. Circadian variation 
in occurrence of transient overt and silent myocardial ischemia in chronic stable 
angina and comparison with Prinzmetal angina in men. Am J Cardiol 1987:60: 
494-498. 

12. Stern S, Tzivoni D. Dynamic changes in the ST-T segment during sleep in 
ischemic heart disease. Am J Cardiol 1973;32:17-20. 

13. Tzivoni D, Gavish A, Zin D, Gottlieb S, Moriel M, Keren A, Banai S, Stern S. 
Prognostic significance of ischemic episodes in patients with previous myocardial 
infarction. Am J Cardiol 1988;62:661-664. 

14. Schang SJ Jr, Pepine CJ. Transient asymptomatic S-T segment depression 
during daily activity. Am J Cardiol 1977;39:396-402. 

15. Singh BN, Nademanee K, Figueras J, Josephson MA. Hemodynamic and 
electrocardiographic correlates of symptomatic and silent myocardial ischemia: 
pathophysiologic and therapeutic implications. Am J Cardiol 1986;58:3B-10B. 
16. Freeman LJ, Noxon PGF, Sallabank P, Reaveley D. Psychological stress and 
silent myocardial ischemia. Am Heart J 1987;114:477-482. 

17. Turton MB, Deegan T. Circadian variations of plasma catecholamine, corti- 
sol and immunoreactive insulin concentrations in supine subjects. Clin Chim Act 
1974;55:389-397. 

18. Moncada S, Vane JR. Arachidonic acid metabolites and the interactions 
between platelets and blood-vessel walls. N Engl J Med 1979;300:1142-1147. 
19. Brezinski DA, Tofler GH, Muller JE, Pohjola-Sintonen S, Willich SN, 
Schafer Al, Czeisler CA, Williams GH. Morning increase in platelet ag- 
gregability. Association with assumption of the upright posture. Circulation 


MYOCARDIAL ISCHEMIA 1071 


1988;78:35-40. 

20. Yasue H, Omote S, Takizawa A, Nagao M, Miwa K, Tanaka S. Circadian 
variation of exercise capacity in patients with Prinzmetal’s variant angina: role of 
exercise-induced coronary arterial spasm. Circulation 1979;59:938-948. 

21. Millar-Craig MW, Bishop CN, Raftery EB. Circadian variation of blood 
pressure. Lancet 1978;1:795-797. 

22. Davies AB, Bala-Subramanian V, Cashman PM, Raftery ED. Simultaneous 


recording of continuous arterial pressure, heart rate, and ST segment in ambulant 


patients with stable angina pectoris. Br Heart J 1983;50:85-91. 
23. Quyyumi AA, Efthimiou J, Quyyumi A, Mockus LJ, Spiro SG, Fox KM. 
Nocturnal angina: precipitating factors in patients with coronary artery disease 
and those with variant angina. Br Heart J 1986;56:346-352. | 
24. Deedwania P, Nelson JR, Carbajal E. Pathophysiology of myocardial isch- 
emia during hours of sleep: relationship to determinants of myocardial oxygen 


demand (abstr). Circulation 1988;78(suppl I1):11-374. 

25. Rosing DR, Brakman P, Redwood DR, Goldstein RE, Beiser GD, Astrup T, 
Epstein SE. Blood fibrinolytic activity in man: diurnal variation and the response 
to varying intensities of exercise. Circ Res 1970;27:171-184. 

26. Lambert CR, Coy K, Imperi G, Pepine CJ. Influence of beta-adrenergic 
blockade defined by time series analysis on circadian variation of heart rate and 
ambulatory myocardial ischemia. Am J Cardiol 1989;64:835-839. 


27. Mulcahy D, Keegan J, Cunningham D, Quyyumi A, Crean P, Park A, 


Wright C, Fox K. Circadian variation of total ischaemic burden and its alteration 
with anti-anginal agents. Lancet 1988;2:755-759. 


28. Willich SN, Pohjola-Sintonen S, Bhatia SJ, Shook TL, Tofer GH, Muller JE, 
Curtis DG, Williams GH, Stone PH. Suppression of silent ischemia by metoprolol 


without alteration of morning increase of platelet aggregability in patients with 
stable coronary artery disease. Circulation 1989;79:557-565. 


1072 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 MAY 15, 1991 





Detection of Silent Myocardial Ischemia in 
Diabetes Mellitus 


Anatoly Langer, MD, Michael R. Freeman, MD, Robert G. Josse, MD, 
George Steiner, MD, and Paul W. Armstrong, MD 


The prevalence of silent myocardial ischemia and 
its relation to autonomic dysfunction and pain 
threshold was studied in 58 men with diabetes 
mellitus and without cardiac symptoms. All pa- 
tients underwent 48-hour ambulatory electrocar- 
diographic monitoring and exercise testing after 
assessment of their autonomic function and pain 
threshold. Silent myocardial ischemia, defined as 
>1 mm of ST-segment depression on either ex- 
ercise testing or ambulatory electrocardiograph- 
ic monitoring, was corroborated by exercise-in- 
duced reversible defect(s) on tomographic thalli- 
um scintigraphy. Autonomic function was 
assessed by heart rate response to: (1) Valsalva 
maneuver, (2) deep breathing, and (3) upright 
posture, as well as by diastolic blood pressure 
response to sustained handgrip and systolic 
blood pressure response to upright posture. 
Autonomic dysfunction was defined as >2 ab- 
normal responses. Pain threshold measurements 
were performed using electrical cutaneous stim- 
ulation of both forearms. 

Of the 58 diabetic patients, 21 were found to 
have autonomic dysfunction (36%). Silent myo- 
cardial ischemia was detected in 10 patients 
(17%), and was signficantly more frequent in pa- 
tients with than without autonomic dysfunction 
(38 vs 5%, p = 0.003). There was no difference 
in the electrical pain threshold or tolerance in 
subjects with and without silent myocardial isch- 
emia. It is concluded that silent myocardial isch- 
emia in asymptomatic diabetic men occurs fre- 
quently and in association with autonomic dys- 
function, suggesting that diabetic neuropathy 
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may be implicated in the mechanism of silent 
myocardial ischemia. 
(Am J Cardiol 1991;67:1073-1078) 


oronary artery disease is the ultimate cause of 

í death in more than half of diabetic patients 
and frequently manifests itself silently and 
prematurely.!? Previous studies among patients with 
known coronary artery disease indicate that those with 
diabetes have more frequent silent myocardial infarc- 
tion and silent myocardial ischemia during exercise 
testing and ambulatory electrocardiographic monitoring 
than nondiabetic patients.2-> However, the mechanism 
responsible for this lack of symptoms remains unclear. 
Because diabetics are predisposed to a higher inci- 
dence of coronary artery disease and autonomic neu- 
ropathy,”8 they present a unique opportunity to study 
the pathophysiology of silent myocardial ischemia. Dia- 
betic autonomic neuropathy may involve the cardiac- 
afferent sympathetic system, which is a part of the pain 
perception pathway from myocardial pain receptors to 
the cerebral cortex. It is possible that the development 
of myocardial ischemia in patients with such a neurop- 
athy may be associated with more frequent silent 
myocardial ischemia. The prevalence of silent myocar- 
dial ischemia and the pathophysiologic mechanisms in- 
volved have not been adequately investigated in an 
asymptomatic diabetic population without previously 
documented coronary artery disease. We therefore 
studied asymptomatic diabetic subjects to define the 
frequency of silent myocardial ischemia and to deter- 
mine whether a relation exists among silent myocardial 


ischemia, autonomic dysfunction and an elevated pain 
threshold. 


METHODS 

The study population comprised 58 male diabetic? 
subjects, ranging in age from 35 to 75 years, who had 
no symptoms of angina or any other clinical evidence of 
coronary artery disease. Subjects were not receiving di- 
goxin, and had normal 12-lead electrocardiograms re- 
corded at rest. Subjects were enrolled from 2 sources: 
45 were consecutive subjects attending the Diabetic 
Clinic at St. Michael’s Hospital over a period of 18 
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months, from September 1987 to February 1989; the 
remaining 13 were participants of the Hyperlipidemia 
in Diabetes study at the Toronto General Hospital who 
were approached in a random manner. All subjects 
who were approached accepted the invitation to partici- 
pate. 

Autonomic function tests: These are 5 simple, re- 
producible bedside maneuvers reported previously. !0!! 
(1) VALSALVA MANEUVER: The subject was asked to blow 
into a mouthpiece connected to a blood pressure sphyg- 
momanometer at a pressure of 40 mm Hg for 15 sec- 
onds. The ratio of the longest RR interval after the 
maneuver to the shortest RR interval during the ma- 
neuver was measured; the normal ratio is =1.21. (2) 
DEEP BREATHING: The subject breathed deeply and even- 
ly at 6 breaths/min. The mean difference during 3 suc- 
cessive breathing cycles between maximal and minimal 
heart rate was measured; the normal response is a dif- 
ference of >15 beats/min. (3) RESPONSE TO STANDING: 
The ratio of the longest RR interval (usually around 
the 30th beat) to the shortest RR interval (usually 
around the 15th beat), or the so-called 30:15 ratio, was 
calculated after the subject moved quickly from a su- 
pine to upright posture; the normal ratio is >1.04. (4) 
BLOOD PRESSURE RESPONSE TO STANDING: The difference 
in systolic blood pressure was measured with the sub- 
ject supine and then immediately after the assumption 
of an upright posture; the normal response is a decrease 
of <10 mm Hg. (5) SUSTAINED HANDGRIP: The differ- 
ence in diastolic blood pressure was measured after the 
subject was asked to maintain a handgrip at 30% of the 
maximal voluntary contraction with a handgrip dyna- 
mometer for a maximum of 5 minutes; the normal re- 
sponse is an increase of 216 mm Hg. 

Medications thought capable of interfering with as- 
sessment of autonomic function or exercise tests, such 
as B blockers or diuretics, were held 48 hours before 
these tests; no patients were receiving sympatholytic 
medications. 

Based on previous studies,!®%!! autonomic dysfunc- 
tion was defined as an abnormal response to 22 of the 
5 tests, which has been shown to occur in <1.6% of 
nondiabetic patients. To document further the rele- 
vance of autonomic dysfunction to diabetic subjects 
only, autonomic function tests were performed in 20 
nondiabetic patients who had angiographically docu- 
mented coronary artery disease (250% stenosis in 21 
vessel) and stable angina; 1 of 20 patients (5%) had 2 
abnormal responses. 

Pain threshold and tolerance measurements: [hese 
were performed on the volar surface of both forearms. 
The pulse frequency used was 20 Hz; the pulse width 
was 1.2 ms. Pain threshold (mA) was defined as the 
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current intensity at which the subject reported his first 
perception of electrical stimulation. Pain tolerance was 
defined as the current intensity at which the patient 
indicated that he did not wish to continue further be- 
cause of the pain. 

Electrical skin stimulation was also performed in a 
control group of 10 nondiabetic volunteers of an age 
similar to the diabetic subjects. 

Exercise test: A graded exercise test was performed 
according to the Bruce protocol! in the postabsorptive 
state between 9 A.M. and 3 P.M. (0900 and 1300 
hours) with a Marquette Case 12 system. Patients were 
exercised to their maximal predopt pagejcicted heart 
rate. Heart rate and QRS morphology were monitored 
continuously and a 12-lead electrocardiogram was ob- 
tained every 30 seconds for purposes of ST-segment 
analysis. Exercise was discontinued if target heart rate 
was achieved, if fatigue that prevented further exercise 
developed, or if systolic blood pressure decreased = 10 
mm from baseline. 

Significant ST-segment depression on exercise test- 
ing was defined as 21 mm (1 mm = 0.1 mV) of hori- 
zontal or downsloping ST-segment depression mea- 
sured 60 to 80 ms after the J point and present on 21 
lead. 

Ambulatory electrocardiographic monitoring: A 2- 
channel (leads Vs and aVF) AM monitor was used 
(Marquette Electronics) with a frequency response in 
accordance with American Heart Association Stan- 
dards.'! Patients were monitored for 48 hours. Particu- 
lar care was taken to prepare electrode sites with skin 
abrasion techniques. ST-segment responses to postural 
changes and hyperventilation were evaluated to rule out 
spurious ST-segment depression or elevation. Two pa- 
tients exhibiting those responses were excluded from 
further testing. 

A significant episode of ST-segment depression was 
defined as =I mm of horizontal or downsloping ST- 
segment depression occurring 60 to 80 ms after the J 
point, lasting 21 minute and separated from other epi- 
sodes by 21 minute. 

Exercise thallium-201 scintigraphy: Subjects with 
ST-segment depression on either exercise testing or 
ambulatory electrocardiographic monitoring underwent 
exercise thallium scintigraphy for corroboration of the 
presence of myocardial ischemia with an independent 
and sensitive test. At peak exercise, 3.0 mCi of thalli- 
um-201 was injected intravenously and exercise was 
continued for a further 60 seconds. Tomographic im- 
ages were obtained with a previously described tech- 
nique,'* with total acquisition lasting 20 minutes. Re- 
peat imaging was performed 4 hours after the thallium 
injection. 
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Images were read by an independent experienced 
observer unaware of the results of autonomic function 
tests, exercise testing or ambulatory electrocardiograph- 
ic monitoring. Visual impression of a reversible defect 
had to be corroborated by quantitative analysis. 

Quantitative analysis was performed with polar 
maps (bull’s-eye) of thallium activity using short-axis 
and vertical long-axis slices. This method has been vali- 
dated in our laboratory by comparison with coronary 
angiography and visual interpretation.!° The method 
involves the comparison of stress and delayed bulls’- 
eyes to normal limits; a defect, defined as thallium up- 
take 22.5 standard deviations below the lower limits of 
normal, was expressed as a percentage of the total 
stress bull’s-eye and then quantitatively assessed as re- 
versible or nonreversible in each vascular territory. An 
abnormality was considered present if 21% of the pix- 
els of the bull’s-eye were <2.5 standard deviations from 
normal. !5 

For the purposes of this study, silent myocardial 
ischemia was defined as a reversible defect on visual 
and quantitative thallium scintigraphy in patients with 
documented ST-segment depression on either exercise 
testing or ambulatory electrocardiographic monitoring. 
We previously reported a sensitivity of 90% and a 
specificity of 80% for detection of coronary stenosis 
250% with tomographic thallium scintigraphy. !5 

Statistical analysis: All values are presented as 
mean + standard deviation. Comparison between pa- 
tients with and without autonomic dysfunction and 
those with and without silent myocardial ischemia was 
performed with an unpaired ¢ test in the case of contin- 
uous variables and with Fisher’s exact test in the case of 
discrete variables. Correlation analysis was performed 
between the thallium defect size and the duration and 
extent of ST depression on ambulatory electrocardio- 
graphic monitoring and exercise testing. Statistical sig- 
nificance was set at a p value <0.05. 


RESULTS 

Of the 58 diabetic subjects who were enrolled in our 
study and who completed all stages of the protocol, 10 
(17%) were found to have silent myocardial ischemia as 
evidenced by reversible perfusion defect on exercise 
thallium tomographic scintigraphy. The mean defect 
size was 13% and ranged from | to 31%: 5 subjects had 
anterior defects, 4 had inferior, and 1 had a lateral de- 
fect. Comparison between diabetic subjects with and 
without silent myocardial ischemia is summarized in 
Table I. No difference was detected in baseline clinical 
characteristics or exercise performance. None of the 
patients had symptoms of chest pain during exercise 
~ testing. 


TABLE I Comparison of Diabetic Subjects With and Without 
Silent Ischemia 


Silent No Silent 
Ischemia Ischemia 
(n = 10) (n = 48) 


Clinical data 
Age (yrs) 
Height (cm) 
Weight (kg) 
Duration of diabetes (yrs) 
% subjects receiving insulin 
Family history of CAD (%) 
Hypertension* (%) 
Smoking (%) 
Neuropathy? (%) 
Nephropathy? (%) 
Total serum cholesterol (mmol / 
liter) 
Serum triglycerides (mmol/liter) 
HB A,C (mmol /liter) 
Exercise data 
Duration of exercise test (min) 8.2 42.1 8.2+1.9 
Resting heart rate (beats /min) 79413 82+14 
Resting systolic blood pressure 149+ 23 136+21 
(mm Hg) 
Maximal heart rate (beats /min) 
Maximal systolic blood pressure 
(mm Hg) 
* Systolic blood pressure 2150 mm Hg or diastolic blood pressure 295 mm Hg on 
22 examinations. 
t Absence of ankle jerk deep tendon reflex. 


t Serum creatinine 2200 mmol/liter. i 
CAD = coronary artery disease; HB A,C = acetylated hemoglobin. 


0.07 + 0.01 0.08 + 0.02 


151 +20 
199 + 34 


154411 
2154 36 





Of the 10 diabetic subjects with silent myocardial 
ischemia, 6 had ST depression of >21 mm during exer- 
cise testing and ambulatory electrocardiographic moni- 
toring. One of the remaining 4 subjects with a revers- 
ible thallium defect had ST depression only on ambula- 
tory electrocardiographic monitoring and 3 had ST 
depression only during exercise testing. 

In addition to the 10 diabetic subjects with a revers- 
ible thallium defect, 6 subjects had ST depression on 
the initial exercise test but did not demonstrate any ab- 
normality in myocardial perfusion. One additional sub- 
ject had ST depression only on ambulatory electrocar- 
diographic monitoring and did not exhibit ST depres- 
sion or a reversible thallium defect during exercise. 

Ambulatory electrocardiographic monitoring re- 
vealed episodes of ST-segment depression in 8 of 58 
diabetic subjects (14%), 7 of whom had a reversible 
thallium defect. The mean number of episodes was 1.9 
+ 1.7, with a range from 1 to 5 episodes, and the mean 
duration of ST depression was 13.9 + 12.9 min/24 
hours. The mean heart rate at ST depression during 
ambulatory electrocardiographic monitoring (94 + 12) 
was significantly lower than that during exercise testing 
(128 + 21, p <0.005). 

Because thallium defect size and the duration of ST 
depression on ambulatory electrocardiographic moni- 


SILENT MYOCARDIAL ISCHEMIA 1075 


~ 
i 





TABLE Il Results of Autonomic Function Tests in Diabetic 
Subjects 


% Abnormal 


Test (n = 58) 


Valsalva maneuver 
Heart rate response to deep breathing 
Heart rate response to standing 
Blood pressure response to standing 
Blood pressure response to sustained handgrip 
22 abnormal tests 
(autonomic dysfunction) 


toring may be complementary measures of ischemic 
burden, we performed a correlation analysis between 
these 2 variables in 7 subjects with silent myocardial 
ischemia on ambulatory electrocardiographic monitor- 
ing and with a reversible thallium defect. This revealed 
a modest relation of borderline statistical significance (r 
= 0.61, p = 0.059). No association was found between 
thallium defect size and exercise-derived variables, such 
as duration of exercise, extent of ST depression, time to 
1-mm ST depression, and duration of ST depression in 
the recovery phase. 

Autonomic function tests (Table Il): In 15 of 58 
(26%) of diabetic subjects, autonomic function tests 
were normal; 22 of 58 (38%) had 1 abnormal response, 
7 of 58 (12%) had 2 abnormal responses, 10 of 58 
(17%) had 3 abnormal responses, and 4 of 58 (7%) had 
4 abnormal responses; nobody had 5 abnormal tests. 
Therefore, 21 of 58 diabetic subjects (36%) were found 
to have autonomic dysfunction (i.e., 22 abnormal 
tests), whereas 37 subjects had preserved autonomic 
function. 

Of the 21 diabetic subjects with autonomic dysfunc- 
tion, 8 (36%) had silent myocardial ischemia, com- 
pared with 2 of 37 (5%) without autonomic dysfunction 
(p = 0.003). In the 10 diabetic subjects with silent 
myocardial ischemia, autonomic dysfunction was de- 
tected more frequently (80%), compared to that among 
48 subjects without silent myocardial ischemia (27%, p 
= 0.003). There was no difference between diabetic 





subjects with and without autonomic dysfunction with 
respect to the clinical and laboratory variables listed in 
Table I. 

Pain threshold and tolerance: Comparisons of elec- 
trical pain threshold and tolerance between patients 
with and without silent myocardial ischemia and be- 
tween patients with and without autonomic dysfunction 
is summarized in Table III. No difference was observed 
between patients with and without silent myocardial 
ischemia, and the measurements were similar to those 
observed in the control nondiabetic subjects. The only 
significant difference was a slight increase in pain 
threshold in subjects with autonomic dysfunction (Ta- 
ble III). 


DISCUSSION 

The principal new findings of this study are (1) a 
17% prevalence of silent myocardial ischemia in a se- 
lect cohort of asymptomatic diabetic men, and (2) a 
significantly greater frequency of silent myocardial 
ischemia among subjects with than without autonomic 
dysfunction (36 vs 5%). The diagnosis of silent myocar- 
dial ischemia was based on documentation of exercise- 
induced reversible perfusion defects on quantitative 
thallium scintigraphy after initial detection of ST-seg- 
ment depression on exercise testing or ambulatory elec- 
trocardiographic monitoring. There were 6 additional 
subjects with ST depression during exercise and 1 with 
ST-segment depression on ambulatory electrocardio- 
graphic monitoring who did not have a reversible thalli- 
um defect and who were therefore not thought to have 
silent myocardial ischemia. 

At least one-third of our subjects demonstrated evi- 
dence of autonomic dysfunction; a similar proportion 
has been detected by others.!® Previous studies have 
shown that diabetic autonomic neuropathy is not only a 
frequent complication of diabetes mellitus, but also that 
its presence is associated with a grave prognosis.!7~?2 

Our findings, which demonstrate a relation between 
autonomic dysfunction and silent myocardial ischemia, 
are supported by the autopsy study of Faerman et al,” 


TABLE ili Results of Pain Threshold and Tolerance Measurement (mA) 


Pain Threshold 


Right* 


0.18 + 0.03 


0.18 + 0.03 
0.17 + 0.03 


0.18 + 0.03t 
0.16 + 0.02 


Normal control subjects 


Silent myocardial ischemia 
No silent ischemia 


Autonomic dysfunction 
No autonomic dysfunction 37 
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Pain Tolerance 


Right* 
0.27 +0.05 


0.30 + 0.09 
0.29 + 0.09 


0.30 + 0.10 
0.27 + 0.08 


0.27 + 0.04 


0.27 + 0.05 
0.28 + 0.08 


0.29 + 0.08 
0.26 + 0.07 


0.18 + 0.03 


0.17 + 0.03 
0.17 + 0.03 


0.18 + 0.03* 
0.16 + 0.03 





* Right and left refer to forearms. - i 
t p <0.05 compared with subjects with no autonomic dysfunction. 
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who found evidence of typical diabetic neuropathic 
changes involving afferent sympathetic and parasympa- 
thetic tracts in patients dying with silent but not symp- 
tomatic myocardial infarction. 

Although coronary angiography was not performed 
in our subjects, previous studies have shown that thalli- 
um scintigraphy identified 97% of asymptomatic sub- 
jects with abnormal electrocardiograms correctly re- 
garding the presence or absence of coronary artery 
disease.*4 Furthermore, the presence of an exercise-in- 
duced thallium defect in an asymptomatic population 
has been shown to identify subjects with a strikingly 
high incidence of subsequent coronary events.2> Myo- 
cardial ischemia in diabetes may be mediated by a vari- 
ety of factors other than conventional epicardial coro- 
nary narrowings, such as small vessel disease,2° ab- 
normal myocardial capillaries,” disordered vasoreac- 
tivity,” endothelial dysfunction,’ increased platelet ag- 
gregability,°° reduced red cell deformability,?! and hy- 
perfibrinogenemia.*" 

Although previous studies have identified pain 
threshold and tolerance to be generally elevated in pa- 
tients with, compared to those without, silent myocardi- 
al ischemia,” such measurements were previously un- 
available in asymptomatic diabetics. Our study demon- 
strates a similar pain threshold and tolerance in patients 
with and without silent myocardial ischemia. Of inter- 
est, however, is that diabetics with, compared with those 
without, autonomic dysfunction had an elevated pain 
threshold, suggesting that subclinical peripheral neurop- 
athy may be present in patients with autonomic dys- 
function. 

Given the electrical skin stimulation evidence for 
normal pain threshold and tolerance in our subjects on 
the one hand, and the significant relation between auto- 
nomic dysfunction and silent myocardial ischemia on 
the other, a diabetic neuropathy affecting autonomic 
pain fibers that innervate the heart may be implicated 
in the mechanism of silent myocardial ischemia. This 
hypothesis is supported by the recent work of Ambepi- 
tyia et alèt in diabetic patients with typical exertional 
angina. Using a third-order polynomial fit, these work- 
ers showed an association between an abnormal heart 
rate response to the Valsalva maneuver and prolonga- 
tion of the time of the onset of angina during exercise 
testing. 

Clinical implications: A lack of symptoms in diabetic 
men, especially those with autonomic dysfunction, is not 
an adequate guide for assessment of the presence of 
myocardial ischemia. The impact of silent myocardial 
ischemia on and the development of cardiovascular 
morbidity and mortality in diabetics requires further 
“ evaluation with respect to development of (1) symptom- 


atic myocardial ischemia, (2) myocardial infarction, (3) 
congestive heart failure, an important cause of cardio- 
vascular mortality in diabetic patients,’ which may be 
a result of frequent episodes of silent myocardial isch- 
emia over a long period of time, and (4) sudden cardiac 
death. 
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Left and Right Ventricular Systolic Function and 
Exercise Capacity with Coronary Artery Disease 


Douglass A. Morrison, MD, James R. Stovall, CNMT, and Charles Barbiere, RN, CRTT 





This prospective study of symptom-limited su- 
pine ergometry was conducted to determine the 
contributions of right ventricular (RV) and left 
ventricular (LV) systolic function to the exercise 
capacity of a cohort of patients with coronary ar- 
tery disease (CAD). Patients with unstable angi- 
na, angiographically proven CAD (n = 53) and 
stable symptoms after medical therapy or angio- 
plasty were included. Documented myocardial in- 
farction (>2 weeks before exercise) was present 
in 43 of 53 patients. Angina was the limiting 
symptom in 11 of 53; the other 42 stopped exer- 
cise with dyspnea or fatigue, or both. Oxygen 
consumption was measured on-line during exer- 
cise with a metabolic cart. RV ejection fraction 
and LV ejection fraction were measured by vali- 
dated methods from gated blood pool radionu- 
clide ventriculography. There were weak but sta- 
tistically significant correlations between exer- 
cise oxygen consumption and exercise RV 
ejection fraction (r = 0.30, p <0.05) and be- 
tween exercise oxygen consumption and exer- 
cise LV ejection fraction (r = 0.38, p <0.01). 
Multivariate regression analysis, including exer- 
cise RV ejection fraction, exercise LV ejection 
fraction and exercise heart rate versus exercise 
oxygen consumption revealed a better relation (r 
= 0.48, p <0.005) than any variable in univar- 
iate regression. The values of RV and LV ejec- 
tion fraction at rest did not correlate significantly 
(r = 0.2, difference not significant), but the exer- 
cise values did correlate weakly (r = 0.41, p 
<0.01). The reserve of LV ejection fraction, de- 
fined as exercise minus rest value, correlated 
weakly with exercise oxygen consumption (r = 
0.32, p <0.05). Taken together, these data sug- 
gest: (1) exercise capacity in stabilized patients 
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with CAD is multifactorial, (2) the systolic func- 
tion of both ventricles contribute to the exercise 
capacity of patients with CAD, and (3) the func- 
tion of the 2 cardiac ventricles appears to be- 
come more closely linked at symptom-limited ex- 


ercise. 
H factorial, with both central and peripheral 
contributions.'~* Substantial human data 
from both upright and supine postures support the gen- 
eral concept that cardiac function contributes signifi- 
cantly to the exercise capacity of patients with coronary 
artery disease (CAD).!-17 Several studies have suggest- 
ed that right ventricular (RV) function, as measured by 
ejection fraction, contributes significantly to the exer- 
cise capacity of patients with left-sided heart failure 
and chronic pulmonary disease.'*-?! Relatively little is 
known about the specific contribution of the right ven- 
tricle or of the interaction between the right and left 
sides of the heart in the exercise capacity of patients 
with CAD.*?-76 We undertook this prospective study of 
symptom-limited supine ergometry to identify the con- 
tribution of RV function to exercise capacity and to 
identify the interaction between RV and left ventricular 
(LV ) systolic function in a cohort of patients with CAD 
and unstable symptoms that had been stabilized with 
medicine or coronary angioplasty, or both. The specific 
hypotheses to be tested by this prospective study were: 
(1) symptom-limited exercise oxygen consumption cor- 
relates with exercise RV ejection fraction, (2) symp- 
tom-limited exercise oxygen consumption correlates 
with exercise LV ejection fraction, (3) symptom-limited 
exercise LV and RV systolic function (ejection frac- 
tions) are related, and (4) reserve of LV function (exer- 
cise minus rest ejection fraction) correlates with exer- 
cise Oxygen consumption. 


(Am J Cardiol 1991;67:1079-1083) 


uman exercise limitation is very likely multi- 


METHODS 

Study patients: Fifty-three patients who presented 
to Denver Veterans Administration Medical Center 
with unstable chest pain syndromes underwent cathe- 
terization documenting at least one >70% epicardial 
narrowing, were stabilized with either medical therapy 
or angioplasty, or both, and then underwent symptom- 
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limited ergometry. Exercise testing was performed >2 
weeks after an acute infarction in 43 of the 53, and >2 
weeks after successful percutaneous transluminal coro- 
nary angioplasty in 48 of the 53. Seven patients had 
prior bypass surgery and all 53 were receiving 21 anti- 
anginal medication (usually a calcium antagonist and 
aspirin). All studies had the approval of the University 
of Colorado Human Subjects Committee and the Vet- 
erans Administration Research and Development Com- 
mittee. All studies were performed under the direction 
of the same investigator, and the exercise protocol and 
radionuclide angiographic methods were identical to 
the methods by which we have studied normal subjects 
and patients with chronic lung disease.?°.7!.2/ 
Radionuclide ventriculographic measurement of 
right and left ventricular ejection fractions: Radionu- 
clide ventriculography was performed simultaneously 
with the hemodynamic study, by previously described 
methods with minor modifications.*’~*? Briefly, 15.6 
mg methylene diphosphonic acid (as sodium salt) was 
injected intravenously. After 210 minutes, 25 mCi of 
99m-technetium pertechnetate was injected intrave- 
nously. After 210 minutes for in vivo labeling 
and equilibration, a gamma camera (Picker Dynamo), 
equipped with a multipurpose parallel hole collimator, 
was placed in the left anterior obliquity that provided 
the best ventricular separation with 5 to 10° caudal an- 
gulation. A dedicated computer (MDS A?) was used to 
acquire digital images. Count and image acquisition 
occurred under electrocardiographic control, with 20 
frames for the blood pool studies. The duration of each 
frame was determined by the average RR interval. Im- 
ages were obtained on the central half field of view as 
64 X 64 matrixes. All patients had a rest 300,000 count 
targeted acquisition and a rest 2-minute acquisition. 





FIGURE 1. Exercise right ventricular ejection fraction (RV EF) 
versus exercise oxygen consumption (VO2) for 53 patients 


angina at exercise. Closed circles, patients who did not have 
infarction and were limited by fatigue or dyspnea rather than 
angina. 


Radionuclide acquisitions were obtained over the last 2 
minutes of each 4-minute exercise stage. The reported 
values are from the highest exercise stage achieved. 

The radionuclide measurements were made by an 
operator (JRS) who was not aware of the clinical or 
exhaled-gas data. The methods of calculating the com- 
puter-selected, variable region of interest of LV and 
RV ejection fractions have been reported.*’-2? Deci- 
sions regarding operator intervention were made after 
viewing the study both in the cine mode and with phase 
analysis. The use of phase analysis to assess atrial /ven- 
tricular separation has been detailed.” The computer- 
selected LV background, expressed as counts per pixel, 
was subtracted from each frame. Using the respective 
regions of interest, background-corrected time-activity 
curves were obtained for both the right and left ventri- 
cles. 

The ejection fraction was calculated from the for- 
mula: ejection fraction = stroke counts/end-diastolic 
counts, where end-diastolic counts = peak of the time 
activity curve, usually the first frame, and stroke counts 
= end-diastolic counts — end systolic counts. When cal- 
culated in this manner, the RV ejection fraction is 
highly reproducible and as obtained by blood pool ven- 
triculography correlates well with the gated first-pass 
method (n = 33, r = 0.93; y = 0.03 + 0.89x; standard 
error of the estimate = 16 counts on 300,000 im- 
ages).?8 RV ejection measurements obtained by this 
blood pool method correspond quite well with contrast 
angiographic measurements made using the method of 
Ferlinz (n = 21; r = 0.94; standard error of the esti- 
mate = 0.08).27-2 

Exercise testing: Exercise tests were performed on a 
supine ergometer (Quinton).*° Patients began pedaling 
at 100 to 200 kpm/min and increased 100 to 200 
kpm/min every 4 minutes until the symptom-limited 
maximum. Of the 53 patients, 43 stopped with dyspnea 
or fatigue, or both, and 11 stopped with chest pain. 

Exhaled gas measurements: The exercise oxygen 
consumption is the oxygen consumption at the highest 
exercise stage. Exhaled gases were collected with a 
noseclip and a low-resistance mouthpiece. Exhaled gas 
measurements were made on patients with a Sensor- 
Medics metabolic cart (MMC Horizon System), which 
was calibrated against standard gases and a standard 
volume before each study. The cart gives on-line 30- 
second measurements. Measurements were made over 
the last 1 or 2 minutes of each stage. The exercise oxy- 
gen consumption is the average of the 2 or 4 measure- 
ments from the highest exercise stage. 

Statistical analysis: Statistical analyses were per- 
formed on an IBM personal computer using the 


SYSTAT program (SYSTAT, Inc.). Least-squares 


linear regression analysis was used to correlate the exer- 
cise oxygen consumption with rest and exercise values 
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of each variable. Multivariate linear regression analysis 
was used to find the correlation of a combination of 
exercise variables with the exercise oxygen consump- 
tion. For all analyses, statistical significance was de- 
fined as p $0.05. 


RESULTS 

Left and right ventricular systolic function and ex- 
ercise capacity in coronary artery disease patients: 
There was a weak but statistically significant correla- 
tion (r = 0.30, p <0.05) between the exercise RV ejec- 
tion fraction and the exercise oxygen consumption (Fig- 
ure 1). There was a weak but statistically significant 
correlation between the LV ejection fraction and the 
exercise oxygen consumption (r = 0.38, p <0.01) (Fig- 
ure 2). Multivariate analysis of exercise LV and RV 
ejection fractions and exercise heart rate against the ex- 
ercise oxygen consumption revealed a stronger relation 
(r = 0.48, p <0.005) than either variable alone. 

Reserve of left and right ventricular function: The 
change from rest to exercise in ejection fraction has 
been referred to as the reserve of function. The reserve 
of LV function weakly correlated with the oxygen con- 
sumption (r = 0.32, p <0.05), but the reserve in RV 
function did not (r = 0.24). The reserve in RV and LV 
function were weakly correlated with each other (r = 
0.38, p <0.01). 

Relations between left and right ventricular systolic 
function: There was no significant correlation between 
the RV and LV ejection fractions at rest (r = 0.20, 
difference not significant). After symptom-limited exer- 
cise, the RV and LV ejection fractions were weakly 
correlated (r = 0.41, p <0.01) (Figure 3). 

Subset analysis: PRIOR INFARCTION: In the 43 pa- 
tients with prior infarction, exercise LV ejection frac- 
tion correlated with exercise oxygen consumption (r = 
0.55, p <0.01), but exercise RV ejection fraction did 
not correlate with exercise oxygen consumption (r = 
0.20, difference not significant). Exercise RV and LV 
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FIGURE 2. Exercise left ventricular ejection fraction (LV EF) 
versus exercise oxygen consumption (VO2) for 53 patients 
with coronary artery disease. Symbols as in Figure 1. 





ejection fractions correlated strongly (r = 0.78, p 
<0.001) in this subset. 

ANGINA AS THE LIMITING SYMPTOM: The 11 patients 
with chest pain as their limiting symptom had a signifi- 
cant correlation between exercise LV ejection fraction 
and exercise oxygen consumption (r = 0.48, p <0.05) 
but not between exercise RV ejection fraction and exer- 
cise oxygen consumption (r = —0.08, difference not 
significant). 


DISCUSSION 

Oxygen delivery and cardiac function in patients 
with coronary artery disease: Oxygen delivery to tis- 
sues appears to be the fundamental task of the integrat- 
ed cardiopulmonary system.*? Although peripheral 
muscular extraction and use of oxygen could theoreti- 
cally limit exercise capacity, this mechanism should not 
lead to a reduced mixed venous oxygen tension—that 
is, reduced oxygen in the blood returning from the pe- 
riphery to the right side of the heart.*° In patients with 
CAD, as in normal subjects and pulmonary patients, 
there is a progressive decline in mixed venous oxygen 
tension with graded exercise.'~!° The decrease in mixed 
venous oxygen tension, saturation and content has been 
observed in subsets with or without the symptom of an- 
gina, with or without prior myocardial infarction, and 
with both single and multivessel CAD.!6!7 

If one considers the components of the oxygen deliv- 
ery chain (cardiac output, hemoglobin content, arterial 
oxygen saturation, oxygen-hemoglobin association), it is 
clear why increasing cardiac output can clinically com- 
pensate for deficiencies in the other 3 links. Conversely, 
inability to increase cardiac output further cannot be 
clinically compensated! A number of studies, including 
those of Bruce et al? and Malmborg’s excellent work,® 
have confirmed that exercise capacity in patients with 
CAD appears to be related to cardiac function. 
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FIGURE 3. Exercise (Ex) left ventricular ejection fraction ver- 
sus exercise right ventricular ejection fraction for 53 patients 
with coronary artery disease. Symbols and abbreviations as in 
Figures 1 and 2. 
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Exercise capacity in patients with coronary artery 
disease and the left ventricular hypothesis: The LV 
ejection fraction is a simple measure of LV systolic 
function.!5 In various subsets of patients with CAD, it 
has been shown to be predictive of both short- and 
long-term mortality and of the mortality associated 
with coronary bypass surgery. Intuitively, it should re- 
late to patients’ exercise capacity. Nevertheless, the 
clinical reality is that there are patients with severely 
reduced LV ejection fractions and surprisingly good ex- 
ercise capacity; the converse situation is also seen. To 
date, no reported study has shown significant correla- 
tion between the LV ejection fraction at rest and exer- 
cise duration, work load, or exercise oxygen consump- 
tion.!>-!819 Clearly, the exercise capacity of patients 
with CAD is not a simple function of LV systolic func- 
tion. 

Exercise capacity in patients with pulmonary hy- 
pertension and the right ventricular hypothesis: We 
have previously reported data from several cohorts of 
patients with chronic obstructive pulmonary disease 
showing significant correlation between exercise 
RV ejection fraction and exercise oxygen consump- 
tion.292!.30 Our data supported the concept that RV 
dysfunction, related in part to abnormally elevated af- 
terload, was a significant contributing factor in the ex- 
ercise limitation of these patients. We have extended 
this correlative/inferential approach by applying inter- 
ventions designed to change their exercise capacity: us- 
ing low-flow oxygen, we increased the exercise capaci- 
ty. This improvement in exercise has been associated 
with measurable improvement in cardiac function.”° 

To the extent that RV dysfunction reflects abnor- 
mally elevated afterload, these data from patients with 
chronic obstructive pulmonary disease may have rele- 
vance to coronary disease. In most hemodynamic stud- 
ies of either upright or supine exercise, the pulmonary 
wedge pressure rises sharply with exercise.!~+°!> This 
elevation in wedge pressure, as a result of LV systolic or 
diastolic dysfunction, or both, is accompanied by pas- 
sive pulmonary hypertension. Accordingly, there is he- 
modynamic reason to consider that RV dysfunction 
might contribute to exercise limitation among patients 
with CAD. 

Exercise capacity— multifactorial with a significant 
cardiac component (biventricular): The weak but statis- 
tically significant correlations demonstrated in this pro- 
spective study of symptom-limited exercise support the 
concepts that: (1) both ventricles contribute to exercise 
capacity and their functions appear to become more 
interdependent with exercise, and (2) systolic function 
of the heart, including reserve of systolic function, is 
only part of the exercise limitation of these patients. It 
is likely that diastolic function of both sides of the heart 
and peripheral factors, such as systemic vascular resis- 
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tance, venous return and local oxygen extraction, all 
contribute. 

Study limitations: The exercise tests in this study 
were performed in the supine position. Clearly, this pro- 
vides for a different type of physiology than that pro- 
vided by upright exercise.'~’ Relative to cardiac factors, 
the supine position augments venous return and thus 
might be expected to downplay the role of RV dysfunc- 
tion. It has been associated with increased LV ischemia 
relative to upright exercise. !7 

It is not clear that each patient achieved a steady 
state relative to oxygen consumption. Patients were 
pushed to their symptom-limited maximum. 
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Effects on Quality of Life with Comprehensive 
Rehabilitation After Acute Myocardial Infarction 


Neil Oldridge, PhD, Gordon Guyatt, MD, Norman Jones, MD, Jean Crowe, MHSc, 
Joel Singer, PhD, David Feeny, PhD, Robert McKelvie, MD, Joanne Runions, MHSc, 
David Streiner, PhD, and George Torrance, PhD 


This investigation was designed to determine the 
impact of a brief period of cardiac rehabilitation, 
initiated within 6 weeks of acute myocardial in- 
farction (AMI), on both disease-specific and ge- 
neric health-related quality of life, exercise toler- 
ance and return to work after AMI. With a strat- 
ified, parallel group design, 201 low-risk 
patients with evidence of depression or anxiety, 
or both, after AMI, were rartdomized to either an 
8-week program of exercise conditioning and be- 
havioral counseling or to conventional care. Al- 
though the differences were small, significantly 
greater improvement was seen in rehabilitation 
group patients at 8 weeks in the emotions di- 
mension of a new disease-specific, health-related 
Quality of Life Questionnaire, in their state of 
anxiety and in exercise tolerance. All measures 
of health-related quality of life in both groups 
improved significantly over the 12-month follow- 
up period. However, the 95% confidence inter- 
vals around differences between groups at the 
12-month follow-up effectively excluded sus- 
tained, clinically important benefits of rehabilita- 
tion in disease-specific (limitations, —2.70, 1.40; 
emotions, —4.86, 1.10, where negative values 
favor conventional care and positive values favor 
rehabilitation) and generic health-related quality 
of life (time trade-off, —0.062, 0.052; quality of 
well-being, —0.042, 0.035) or in exercise toler- 
ance (—38.5, 52.1 kpm/min); also, return to 
work was similar in the 2 groups (relative risk, 
0.93; confidence interval, 0.71, 1.64). It is con- 
cluded that in patients with evidence of depres- 
sion or anxiety, or both, exercise conditioning 
and behavioral counseling after AMI was associ- 
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ated with an accelerated recovery in some out- 
come measures at 8 weeks, but by 12 months 
similar improvements were seen in both disease- 
specific and generic health-related quality of life 
and in other outcome measures when compared 
with conventional care in this community. 

(Am J Cardiol 1991;:67:1084-1089) 


omprehensive cardiac rehabilitation may be 
í considered as the sum of various efforts to 
modify cardiovascular risk factors and to assist 
patients in regaining their normal place in the commu- 
nity and in leading active and productive lives.! Meta- 
analysis, using rigorous methodologic criteria,” demon- 
strates a significantly lower risk of fatal acute myocar- 
dial infarction (AMI), sudden death and death from all 
causes, but not of nonfatal AMI in trials of patients 
undergoing cardiac rehabilitation compared to con- 
trols. Secondary prevention programs, designed to 
modify hypercholesterolemia, hypertension and ciga- 
rette smoking, also have been shown to reduce the like- 
lihood of recurrent AMI. However, the clinical effec- 
tiveness of rehabilitation in chronic diseases needs to be 
judged not only in terms of mortality and morbidity but 
also in terms of health-related quality of life,*© and this 
has not been investigated in as thorough a fashion as 
has mortality after AMI. Only a few trials have ad- 
dressed the issue,’~!! with little or no demonstrated im- 
pact. In these studies, with 1 exception,'! sections of 
different psychosocial indexes have been used, standard 
generic health-related quality of life instruments have 
seldom been used!2:!3 and disease-specific instruments 
focusing on problems of patients after AMI'*!> have 
not been used. Furthermore, rehabilitation trials have 
tended to start several months after the AMI, missing 
what may be a crucial period for rehabilitation. ”>!! Fi- 
nally, most studies have included heterogeneous groups 
of patients but rehabilitation may have the greatest po- 
tential in the period immediately after AMI for pa- 
tients with anxiety and depression.’* A 
In response to these limitations, we performed a 
randomized clinical trial of 8 weeks of comprehensive 
cardiac rehabilitation in patients who demonstrated 
moderate levels of depression or anxiety, beginning 
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within 6 weeks after AMI. Disease-specific and generic 
measures of health-related quality of life were used as 
the primary outcome measures to compare treatment 
with conventional care. 


METHODS 

Eligibility: All patients admitted with a diagnosis of 
AMI to any 1 of 6 local hospitals were screened for 
eligibility. Criteria for a positive diagnosis of AMI in- 
cluded >2 of (1) typical chest discomfort, (2) electro- 
cardiographic changes compatible with AMI, and (3) a 
significant rise in creatine phosphokinase (1.5 times 
normal upper limit or positive creatine phosphokinase 
isoenzymes). As we wished to select patients who were 
depressed or anxious, or both, patients scoring <5 on 
the short form of the Beck Depression Inventory!® or 
<43 on the Spielberger State Anxiety Inventory or 
<42 on the Spielberger Trait Anxiety Inventory!’ while 
still in hospital were not considered eligible for the trial; 
patients with evidence suggestive of major depression or 
anxiety were referred for further assessment. Addition- 
al exclusion criteria included residence >30 miles from 
the Health Sciences Centre; inability to exercise due to 
uncontrolled dysrhythmias, heart failure or unstable an- 
gina; neurologic, orthopedic, peripheral vascular or res- 
piratory disease; and inability to complete the quality of 
life questionnaires due to cognitive or language prob- 
lems. The study received approval from the ethics com- 
mittees of the University and each hospital, and both 
patient and physician consent for participation in the 
trial were obtained. 

Intervention: Eligible patients were stratified by 
work type (blue or white collar, using the U.S. Bureau 
of Census classification) and employment status (work- 
ing or not working at the time of AMI) and random- 
ized to either community care (control) or an experi- 
mental (treatment) group in which small groups of pa- 
tients received an exercise prescription and behavioral 
counseling. At their initial study visit, patients received 
the next available study number with the associated 
random allocation to either treatment or control. Exer- 
cise conditioning and cognitive behavioral group inter- 
vention to enhance a patient’s confidence in resuming 
customary activities, similar to those described by Bur- 
gess et al,? were the mainstays of the 8-week rehabilita- 
tion program. The weekly counseling sessions were held 
on the same day as | of the exercise conditioning ses- 
sions and a course in cardiopulmonary resuscitation was 
offered to the spouse. 

The cognitive behavioral group intervention, facili- 
tated by group leaders without formal training in coun- 
seling, consisted of 8 sessions of 90 minutes comple- 
mented by progressive relaxation training at the end of 
the session. Both patient and spouse were invited to at- 
tend the group sessions. The objective of the group ses- 


sions was to provide patients an opportunity to iden- 
tify, evaluate and manage their own feelings, atti- 
tudes, thoughts and behavioral responses to the physical 
changes, treatment regimens and health behavior ex- 
pectations associated with recovering from a heart at- 
tack. The skills learned in the progressive relaxation 
sessions were used during group sessions to reinforce 
the perception of self-control and self-competence, and 
to help manage episodes of apprehension if they oc- 
curred. The spouse was encouraged to learn to manage 
his or her own anxiety in response to the patient’s heart 
attack and to learn how best to provide support for the 
patient. Patterns of communication between couples 
were explored to enhance supportive communication 
and reduce hostility, criticism and overprotective be- 
haviors. 

The exercise component of the intervention provided 
supervised conditioning for patients and their spouses. 
The objective was to help patients make a progressive 
return to previous (or greater) levels of physical activity 
and to reduce associated symptoms and individual con- 
cerns about physical exertion. Participants attended 50- 
minute exercise sessions 2 times/week for 8 consecutive 
weeks. These sessions were held in a hospital gymnasi- 
um under the direct supervision of a cardiologist and 
qualified exercise specialists. There was a 10-minute 
group warm-up at the beginning of each session; sta- 
tionary cycle ergometry, treadmill walking and arm er- 
gometry followed for 20 to 30 minutes. A cool-down, 
involving low-intensity activities, concluded the exercise 
session. The exercise prescription was based initially on 
65% of the maximal heart rate response achieved dur- 
ing the exercise test. Heart rates during exercise train- 
ing were self-monitored and recorded. The rating of 
perceived exertion during exercise was a second criteri- 
on for effective training and safety. All components of 
the exercise program were directed toward building 
confidence, stamina and long-term compliance through 
an active lifestyle or both patient and spouse. 

Outcomes: Outcome measures (questionnaires, ex- 
ercise test) were obtained at baseline and at the end of 
the 8-week rehabilitation program, at 4 and 8 months 
after entry (questionnaires), and at 12 months (ques- 
tionnaires, exercise test). Mortality and work status 
were monitored throughout the study. Health-related 
quality of life was measured by 3 questionnaires: 

QUALITY OF LIFE AFTER ACUTE MYOCARDIAL INFARC- 
TION QUESTIONNAIRE Was developed specifically for the 
present study with an approach described in previous 
publications.!®!8 Briefly, generic quality of life instru- 
ments, a disease-specific instrument for related condi- 
tions, and the literature concerning problems of patients 
after AMI were reviewed to construct a questionnaire 
that included 97 items of possible concern to patients. !4 
The questionnaire was administered to 60 patients who 
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TABLE I Recruitment 





Underwent detailed screening for eligibility 


Ineligible 
Did not meet anxiety or depression criteria 242 
Not willing /able to complete questionnaires 1037 > 
Total ineligible 345 
Eligible 543 
Unavailable for rehabilitation (vacation, 47 
too long after AMI) 
Unavailable—immediate return to work 27 
Physicians refused consent 78 
Angiography /surgery planned immediately 30 
Transportation unavailable or too far away 73 
Not interested 84 
Involved in other studies 3 
Total eligible but not randemized 342 
Total eligible and randomized 201 
Rehabilitation 99 
Conventional care 102 





AMI = acute myocardial infarction. 


were asked if each item was a problem, and the impor- 
tance of each item was identified as problematic. The 
26 items identified most frequently and as most impor- 
tant were included in the disease-specific Quality of 
Life After AMI Questionnaire with 5 factors aggre- 
gated into 2 dimensions: limitations (including symp- 
toms and restrictions) and emotions (including emo- 
tional function, confidence and self-esteem). Response 
options were presented as a 7-point scale! and, at fol- 
low-up visits, subjects were informed of their prior re- 
sponses to each question.”° 

TIME TRADE-OFF is a utility measure!? in which the 
respondents summarize their health-related quality of 
life as a single number between 0 (death) and 1.0 (full 
health). Patients are asked how many years in their 
present health state they would be willing to trade off 
for a shorter number of years in full health and the 
utility of their current state is derived from their re- 
sponse. 

QUALITY OF WELL-BEING QUESTIONNAIRE can be viewed 
as another type of utility instrument. The approach is 
different, in that patients were asked about limitations 
and problems in their lives (specifically including symp- 
toms, mobility, physical activity and social activity), 
and constants derived from previous population studies 
are applied to each limitation or problem to generate a 
utility score between O and 1. This questionnaire has 
been extensively validated?! and proved useful in ran- 
domized trials.???3 

Exercise tolerance was measured by progres- 
sive symptom-limited exercise testing on an electrically 
braked cycle ergometer using a standardized protocol 
described as follows?*: Patients pedaled at a constant 
velocity, with power increased by 100 kpm/min (16.7 
W) each minute, until a symptom-limited maximum 
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was achieved; the electrocardiogram was monitored 
continuously; and ventilation, heart rate and blood pres- 
sure were measured during the last 15 seconds of each 
minute of exercise, with symptom intensity recorded us- 
ing the Borg rating scale. 

Statistical analysis: Dichotomous outcomes were 
analyzed using Fisher’s exact test. Confidence intervals 
(95%) were calculated around differences in propor- 
tions. Continuous data were analyzed with a repeated 
measures analysis of covariance, using the baseline 
score as a covariate and examining effects of time and 
treatment and their interaction. Confidence intervals 
around the difference between treatments on scores at 
final follow-up were calculated; adjustments were made 
for baseline differences in the calculation of confidence 
intervals. In the presentation of mean differences be- 
tween groups, and of confidence intervals around those 
differences, a negative value favors the conventional 
care group and a positive value favors the rehabilitation 
group. In each of the analyses, patients with missing 
data were excluded from the analysis. Additional sec- 
ondary analyses included an analysis of the treatment 
effect at the end of the 8-week intervention and an 
analysis that separated the most and least depressed 
and anxious patients (divided at the median levels), and 
looked at these subpopulations separately to assess the 
interaction between treatment and level of anxiety and 
depression. For purposes of analysis, patients were clas- 
sified as compliant if they attended >75% of the exer- 
cise and counseling classes. 

The statistical significance of treatment impact on 
return to work was assessed with a survival analysis. 
This analysis used a Cox regression model*? in which 
the variables considered were age, sex, previous AMI, 
site of the AMI, peak creatine phosphokinase, and blue 
or white collar. Because both peak creatine phosphoki- 
nase and site of the AMI had some missing observa- 
tions, the model was rerun to provide an estimate of the 
treatment effect, adjusting only for age, sex and previ- 
ous AMI. Kaplan-Meier product limit estimates were 
used for estimating the proportion of patients in each 
group who ultimately returned to work.”® 


RESULTS 

Recruitment and group comparability: A total of 
888 patients with AMI met initial eligibility criteria 
and were fully screened while still in hospital. Of these, 
345 were not eligible, 342 either declined randomiza- 
tion or were not permitted to be randomized, and 201 
patients were randomized, 99 to rehabilitation and 102 
to conventional community care. The results of the re- 
cruiting process, including reasons why those eligible 
were not randomized, are summarized in Table I. Ran- 
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domization was successful, in that patients allocated to 
rehabilitation and conventional care groups were essen- 
tially comparable (Table II). 

Mortality, follow-up and compliance: During the 
12-month follow-up, 7 patients died, 4 in the conven- 
tional care group and 3 in the treatment group (risk 
difference, 0.9%, 95% confidence interval around dif- 
ference between groups, —4.2 to 6%). Data from all 5 
test dates were available for 176 of 194 patients (91%) 
on the disease-specific Quality of Life and Quality of 
Well-Being Questionnaires and for 165 of 194 patients 
(85%) on the Time Trade-Off. Complete data for all 3 
exercise tests were available for 155 of 194 (80%) and 
for 163 of 196 (84%) on =2 exercise tests. Data re- 
garding mortality and return to work at 12 months 
were available in 200 of 201 patients (99.5%). 

In the rehabilitation group, 81 of 99 patients (82%) 
met the criterion for compliance with the counseling 
sessions and 78 of 99 (79%) met the criterion for com- 
pliance with exercise. Of those spouses who attended 
>] exercise and | counseling session (73%), 69% at- 
tended >50% of the sessions. 

Quality of life and exercise tolerance outcomes: A|] 
disease-specific and generic health-related quality of life 
measures and exercise tolerance revealed a substantial 
and significant improvement over the 12 months in 
both groups, with the biggest change occurring between 
baseline and 8 weeks (Table III). Small but consistent 
differences in favor of the rehabilitation group were ob- 
served by the completion of the 8-week intervention; 
significant (p <0.05) treatment effects included an im- 
proved emotions dimension of the disease-specific Qual- 
ity of Life Questionnaire, an increased exercise toler- 
ance and a decreased state of anxiety (Table III). 
There was a significant time effect over the 12-month 
_ follow-up for each of the health-related quality of life 
measures (Table III) and, although none of these mea- 
sures achieved a statistically significant treatment ef- 
fect, a highly significant interaction between treatment 
and time was seen in the emotions dimension of the 
disease-specific Quality of Life Questionnaire in favor 
of the rehabilitation group (Table III). This was also 
the strongest example of the general trend for scores to 
improve to a greater degree between baseline and the 8- 
week follow-up with rehabilitation, although by 12 
months the differences between the groups were small 
enough to be of questionable clinical importance. This 
is reflected in the mean differences and in the confi- 
dence intervals around the differences between treat- 
ment groups (experimental minus control, adjusted for 
baseline differences) at the final follow-up: disease-spe- 
cific, health-related Quality of Life, Limitations = 
= —0.65 (—2.70, 1.40) and Emotions = —1.88 (—4.86, 


Sex (m) 
AMI site 


Anterior 


Inferior 


Posterior 

Indefinite 
Previous AMI 
Working before AMI 


87 (88%) 


36 (36%) 
55 (55%) 
3 (3%) 
5 (5%) 
17 (17%) 
65 (65%) 


90 (89%) 


34 (33%) 
56 (55%) 
8 (8%) 
5 (5%) 
18 (17%) 
74 (73%) 





1,640.8 (1,466.5)* 
52.9 (9.5)* 


1,540.2 (1,290.6)* 
52.7 (9.5)* 


* Standard deviations. 
AMI = acute myocardial infarction; CPK = creatine phosphokinase. 


TABLE Ill Outcomes 


QLMI limitations 
Treatment 87 53 54* 
Control 88 52 55* 
QLMI emotions 
Treatment 88 89 100° 
Control 88 90 98 
Time trade-off 
Treatment 78 
Control 87 
Quality of well-being 
Treatment 84 0.616 
Control 92 0.631 
Exercise tolerance (kpm/min) 
Treatment 76 746 841t 
Control 79 759 819 
Anxiety (state) 
Treatment 86 47 42t 41 42 42 
Control 84 46 44 43 42 41 
Depression 
Treatment 78 4.3 3.4 2.4 2.9 2.6 
Control 81 3.9 3.6 3.1 2.8 2 


Treatment effects: ' p <0.05. 
Time effects: * p <0.001; 8 = 0.001. 


105** 
102* 


0.8728 
0.8645 


0.797 
0.821 


0.717 
0.767 


0.7888 
0.7828 


0.720 
0.708 


825 
829 


Treatment by time effects: + = 0.003. (Time effects at 12 months are measured on 
effects after baseline, i.e., there is a change over time after baseline, not relative to 
baseline; baseline was used as a covariate in these analyses because between treat- 
ment differences could be expressed only after treatment had begun.) 

QLMI = Quality of Life After Myocardial Infarction Questionnaire. 





1.10); generic, health-related Quality of Life, Time 
Trade-Off = —0.005 (—0.062, 0.052) and Quality of 
Well-Being = —0.003 (—0.042, 0.035); and exercise 
tolerance = 6.8 kpm/min (—38.5, 52.1). 

A cardiac rehabilitation program emphasizing con- 
fidence enhancement and risk reduction, with an exer- 
cise component similar to that used in the current trial, 
has been available in this community for 15 years. As 
referral to the program at 3 to 6 months is part of 
conventional care in this community, outcome may 
have been influenced in 2 ways—by patients in the ex- 
perimental group joining the program at the end of the 
study rehabilitation program (n = 33) and by referral 
of patients in the control group as part of conventional 
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care (n = 51). The possible effects of this expected 
“contamination” were studied in a separate analysis 
that excluded referred patients. The pattern of the data 
was identical, and stronger trends in favor of the reha- 
bilitation group did not emerge; furthermore, mean dif- 
ferences between groups actually decreased. There was 
no evidence for an interaction between depression and 
anxiety level and effect size, suggesting that the treat- 
ment did not have a larger impact on the more de- 
pressed or anxious patients. 

Return to work: Patients who returned to work be- 
fore randomization, or who were retired, were excluded 
from the return to work analyses. Before randomiza- 
tion, 11 patients in the rehabilitation group had re- 
turned to work and 34 were retired, whereas 12 had 
returned to work and 29 were retired in the convention- 
al care group. By 12 months, 79.3% of the rehabilita- 
tion group, compared with 83.6% of the conventional 
care group, had returned to work. Kaplan-Meier prod- 
uct limit estimates of the proportion of patients re- 
turning to work over the year of follow-up was 81.6% 
and 82.5%, respectively, for rehabilitation and control 
groups, and the relative risk for return to work for the 
experimental group was 0.93 (p = 0.72, 95% confi- 
dence intervals, 0.71 to 1.64). None of the predictors, 
including treatment, were statistically significant in pre- 
dicting time to return to work. 


DISCUSSION 

Rehabilitation after AMI is aimed at speeding up 
the patient’s return to an active and productive life. In 
the present study, the 8-week intervention resulted in a 
small but statistically significant acceleration in im- 
provement in the emotions dimension of the disease- 
specific Quality of Life Questionnaire, state of anxiety 
and exercise tolerance. The differences between the 2 
groups were transient, supporting reports of both anx- 
ious or depressed patients* as well as of more hetero- 
geneous groups of patients,”?-'! were not consistent 
across measures and were small enough to be consid- 
ered clinically trivial. This leads us to conclude that ear- 
ly, brief cardiac rehabilitation of the type used in this 
trial has little lasting effect on the quality of life of 
moderately depressed or anxious cardiac patients. One 
of the many challenges raised by this and other studies 
of rehabilitation after AMI is how best to enhance 
compliance with intervention over time in order to 
maintain and optimize the benefits of appropriate reha- 
bilitation services.*~> 

There are a number of limitations to the interpreta- 
tion of the results of this trial. Observations of improve- 
ment over time in conventional care control patients 
have been made in studies such as the Multiple Risk 
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Factor Intervention Trial,” in which the convention- 
al care group improved slowly throughout the trial, 
achieving health-related quality of life improvements 
similar to those seen in the rehabilitation group by | 
year. It may be that this effect is inherent in the mea- 
surement of change over time—for example, in quality 
of life and exercise tolerance—as sooner or later a limit 
to improvement will be reached. The effect also could 
be attributed in part to spontaneous health behavior 
changes or to increased patient awareness in the control 
patients, to the regular evaluations performed during 
the year as part of the trial, to the quality of routine 
care provided in this community or to other unidenti- 
fied factors. Second, moderate levels of psychological 
distress in the hospital may not identify patients at risk 
of serious quality of life and adjustment problems on 
return to home.?® There is recent evidence to demon- 
strate that, in patients with acute high stress levels in 
the year after AMI, an intervention aimed at reducing 
the acute stress significantly reduced the likelihood of 
coronary events over the next 5 years.*? Although anxi- 
ety and depression have been associated with a high 
risk of subsequent psychological distress,7*° particular- 
ly in blue-collar workers,?! the high proportion of pa- 
tients observed with anxiety or depression, or both, in 
our trial suggests that our criteria may not have identi- 
fied patients at a high risk for poor quality of life. An- 
other possible limitation to the present study is that the 
investigators were not blinded to allocation, although 
such bias would be expected to favor the rehabilitation 
group. The fact that miminal effects of rehabilitation 
were seen suggests that the lack of blinding does not 
compromise the validity of the results. Although 50% 
of the conventional care group was referred to a com- 
munity exercise rehabilitation program, stronger treat- 
ment effects did not emerge with exclusion of patients 
in whom this “contamination” occurred. Another limi- _ 
tation may be that the behavioral counseling interven- 
tion was provided by persons with little experience in 
this approach before the training received for this re- 
search project, and it is possible that a greater differ- 
ence would be achieved with more experienced counsel- 
ors. Finally, although fewer than half of the eligible 
patients were randomized, the reasons for nonrandom- 
ization (Table I) are unlikely to be systematically relat- 
ed to response to rehabilitation. 

Strengths of the study include allocation through 
stratified randomization, the development of the dis- 
ease-specific, health-related Quality of Life Question- 
naire, the use of other previously validated generic 
health-related quality of life measures, goad compliance 
both with the intervention and follow-up evaluations yg 
among the participants, as well as the careful adminis- 
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tration of the 3 health-related quality of life indexes 
and the other outcome measures. Furthermore, there is 
considerable consistency between the results observed 
for both the disease-specific and the generic measures 
of health-related quality of life, demonstrating index 
validity and responsiveness; a modified form of the dis- 
ease-specific quality of life questionnaire for spouses 
also has been shown to be both valid and responsive.>2 
In this trial of the effects of an 8-week exercise and 
counseling intervention after AMI, both disease-specific 
and generic measures of health-related quality of life 
were used as the primary outcome measures. Although 
there was a trend toward accelerating initial improve- 
ment in some outcome measures, brief rehabilitation of 
this type provided little apparent prolonged benefit in 
health-related quality of life, exercise tolerance or re- 
turn to work beyond that observed in the conventional 
care group. This observation substantiates earlier re- 
ports of the little long-term improvement in psychoso- 
cial outcomes and exercise tolerance by Stern et al® in 
similarly anxious and depressed patients and by others 
in more heterogeneous groups of cardiac patients.7?)!! 
The case for cardiac rehabilitation services after AMI, 
individualized for appropriately selected patients, with 
adequate compliance over an extended period of time, 
should not be based solely on improved quality of life, 
increased exercise tolerance or return to work. Rather, 
the case should be made on the basis of assisting pa- 
tients in regaining a productive and active life for them- 
selves as soon as possible, as well as reducing cardio- 
vascular risk factors, including smoking, hypertension, 
hypercholesterolemia and physical inactivity,> thus in- 
creasing the likelihood of survival after AMI.>4 
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Fat and Cholesterol Intake of Attendees at Two 
National USA Cardiovascular Annual Meetings 


Robert H. Selzer, MS, Loren Dubois-Blowers, MS, C. Joan Darnall, 
Stanley P. Azen, PhD, and David H. Blankenhorn, MD 


Using a 1-page bar-coded food frequency ques- 
tionnaire, the food habits of 996 adults who par- 
ticipated in diet screening at the annual meetings 
of the American Heart Association (1989) and 
the American College of Cardiology (1990) were 
analyzed for sex, age and regional differences. 
Estimated nutrient intakes were also compared 
with those from the Department of Agriculture’s 
1985 and 1986 Continuing Survey of Food in- 
take of Individuals. The average diet reported in 
this study satisfied National Cholesterol Educa- 
tion Program guidelines for cholesterol intake, 
but was higher than that recommended for total 
and saturated fats. In addition, dietary fat intake 
was influenced by sex, age and geographic re- 
gion. Reduction in total and saturated fat intake 
was confined to men >35 years of age; intake of 
these nutrients was highest among young, Mid- 
western women. These results suggest the need 
for diet intervention programs, targeted specifi- 
cally to young adults with additional consider- 
ation given to regional variation. Repeated sur- 
veys of cardiac care givers might be used as an 
early indicator of the nationwide effectiveness of 
dietary intervention programs. 

(Am J Cardiol 1991;67:1090-1096) 
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(NCEP) recommends cholesterol screening for 

all adults! and a diet including <30% of calo- 
ries from fat with cholesterol intake <300 mg/day 
when blood low-density lipoprotein cholesterol is >130 
mg/dl (3.38 mm/liter). NCEP diet recommendations 
are estimated to apply to 25% of adult Americans.? 
Between 1976 and 1980, the fat content of an average 
American diet provided 38% of caloric energy, and 
cholesterol intake averaged 437 mg/day. By 1985, 
women had reduced their average daily cholesterol in- 
take to 304 mg/day, but cholesterol intake of men was 
virtually unchanged (433 mg/day). Also, by 1985 both 
sexes had reduced their fat intake slightly to 37% of 
calories in women and 36% in men.*° Public screening 
for elevated cholesterol is now widespread and in 1 
Midwestern study 66% of those screened made sub- 
stantial changes in their diet which was either self-initi- 
ated or on the advice of a physician.© Also, among 
1,718 Midwestern adults the greatest reduction of fat 
intake was among persons of higher social and econom- 
ic status.’ 

The annual meetings of the American Heart Asso- 
ciation (AHA, 1989) and the American College of 
Cardiology (ACC, 1990) are attended by >20,000 per- 
sons of higher than average social and economic status 
who come from all parts of the United States. These 
persons are drawn by a common interest in cardiovas- 
cular disease and have been exposed to educational ma- 
terials from a variety of sources including the NCEP. 
Free diet screening was offered at the last meeting of 
both associations by Nutrition Scientific, South Pasa- 
dena, California, with support of Merck, Sharp & 
Dohme. In this report, food habits of 996 adults who 
participated in diet screening at the 2 meetings are 
compared with results from the Department of Agricul- 
ture’s Continuing Survey of Food Intake of Individuals 
(CSFII).4°> There are no comprehensive data on na- 
tionwide food intake for years later than 1985; results 
of the nationwide diet survey included in the 1990 cen- 
sus are not yet available. 


T he National Cholesterol Education Program 


METHODS 
A l-page bar-coded questionnaire was used to re- 
cord the name, age, sex, weight, zip code, and frequen- 
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cy of intake (once a day, 2 to 3 times a week, once a 
week, 2 to 3 times a month, once a month, less than 
once a month or never) of 28 foods that provide 67% of 
the caloric intake of Americans.* Questionnaires were 
entered by bar code wand into an IBM compatible per- 
sonal computer and results were immediately reported 
to subjects. Figure 1 illustrates the questionnaire used 
at the ACC. 

The diet analysis program assumed consumption of 
standard-sized portions with nutrient composition rep- 
resentative of that given by the University of Minnesota 
Nutrition Coding Center database #16.?!° Nutrients 
from each checked item were weighted according to the 
frequency of use and summed. The program also used 
weight, sex and age to estimate caloric need at constant 
body weight with a moderate physical activity level,!!:!2 
and assumed that subjects also ate some foods not in- 
cluded in the questionnaire. Four assumptions were 
used in calculations that estimated the average compo- 


Nutrition Scientific 

1510 Oxley Sree: Suite F 

South Pasadeno. Colifornia 91030 
(818) 441-0021 


Quick Check 
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Nome 
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naire is used to record the subject's 
last name, age, sex, weight, zip code 
and frequency of intake of 28 foods. 


Mayonnaise. Salad Dressing 
Cheese or Cheese Dishes 
French Fries, Fried Potatoes 
Potatoes, Not Fried 
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Pizzo, Any Kind 
Whole Milk (By the Glass) 
Low Fot Milk, 2% (By the Gloss) 
ke Cream, Milkshokes 
Chips ond Nuts 

Soft Drinks, Regulor 
Alcoholic Beverog 
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sition of foods not included in the questionnaire: (1) 
Nonincluded plus included food intake provided suffi- 
cient calories to maintain the body weight of each per- 
son; (2) nonincluded foods were among those that were 
common sources of calories recorded in the National 
Health and Nutrition Examination Survey II’; (3) the 
average amount and composition of nonincluded foods 
varied from one person to the next; and (4) persons 
who recorded frequent consumption of foods high in fat 
on the questionnaire were at higher risk of selecting 
nonincluded foods that were high in fat and cholesterol. 
The University of Minnesota Nutrition Coordinating 
Center database #16 was used to calculate calorie, fat 
and cholesterol content of foods. 

Our method of diet data collection differs signifi- 
cantly from that used in CSFII*° where trained inter- 
viewers visited households and conducted an unstruc- 
tured inquiry regarding all foods eaten in the last 24 
hours. In CSFII, a food instruction booklet and stan- 
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dardized table utensils were used to help respondents 
describe what they had eaten and the amount. The nu- 
trient database used to calculate calorie, fat and choles- 
terol content of foods in CSFII was developed by the 
Department of Agriculture Human Nutrition Informa- 
tion Service. 

Figure 2 illustrates examples of 2 typical reports, | 
for a screenee whose intake fell within NCEP guide- 
lines and 1 for a screenee whose intake was outside 
guidelines. During generation of individual reports the 
program retained individual data on food consumption, 
age, weight and zip code but did not retain names in 
order to preserve the privacy of subjects. 

The distributions of cholesterol, and total and satu- 
rated fats were assessed; only cholesterol required a log 
transformation to ensure normality in the statistical 
analyses. Analyses of variance were performed to test 
for differences in cholesterol, and total and saturated 
fats due to age, sex and region. Cholesterol per 1,000 
calories was also compared across age, sex and region 
strata. Age was stratified into the following groups: 19 
to 34, 35 to 50 and >50 years. Regions were grouped 
on the basis of zip code into the following: West, Mid- 
west, Northeast and South. The significance level was 
set at 0.01. 

Four items (beef, pork or ham, eggs and alcohol) 
were listed on the questionnaire in terms identical 
with those reported in CSFII. The frequencies of these 
items recorded on the questionnaires were compared di- 
rectly with those reported by CSFII using chi-square 
methods. 


RESULTS 

Questionnaires were received from 688 attendees of 
the AHA and from 319 attendees of the ACC. The 
questionnaires were pooled creating a sample of 1,007 
` persons representing attendees at both meetings. Those 
who did not report their age or were <19 years old 
were excluded from the analysis, yielding a final sample 
of 996. The demographic distribution was: sex (54% 
men, 46% women); age (32%, range 19 to 34 years; 
51%, range 35 to 50 years; 17%, >50 years); and re- 
gion (13% West, 19% Midwest, 32% Northeast, 36% 
South). One hundred and twenty-six subjects (13%) 
did not report a zip code and could not be classified by 
region. 

Table I lists the results of the l-way analyses of 
variance comparing men and women on the mean per- 
centage of calories consumed from total and saturated 
fats, and cholesterol. Women consumed a significantly 
higher percegtage of calories as dietary fat and saturat- 
ed fat, whereas men had a larger intake of cholesterol. 
However, when cholesterol was analyzed as cholesterol 
per 1,000 calories, the pattern reversed; women had a 
larger cholesterol per 1,000 calorie intake than did men 








TABLE I Mean Percentage of Calories from Total Fat, 
Saturated Fat and Cholesterol Intake (mg/day) Stratified by 
Sex 


Overall Men 
(996) (539) 


Total fat 35 34 
Saturated fat 13 
Total cholesterol* 207 226 185 


* Log total cholesterol (mg/day) was used in analysis. 


Women p 


Nutrient (457) Value 


<0.01 
<0.0001 
<0.0001 


TABLE Il Mean Percentage of Calories from Total Fat, 
Saturated Fat and Cholesterol Intake (mg/day) Stratified by 
Age and Sex 


35-50 >51 
(128) 


Nutrient All Ages 19-34 p Value 


(539) (289) 


34 36 34 33 <0.01 
12 12 <0.01 


Men (n) (122) 


Total fat 
Saturated fat 12 13 
Cholesterol* 226 240 222 220 <0.01 


Women (n) (457) (199) (43) 


Total fat 35 36 35 33 <0.01 
Saturated fat 13 13 13 13 NS 
Cholesterol* 185 190 1 174 NS 


* Log cholesterol (mg/day) was used in analysis. 
NS = not significant. 


(215) 


(0.130 women vs 0.116 men, p = 0.0001). Because of 
these sex differences, men and women were analyzed 
separately in subsequent analyses. 

Table II lists the results of 1-way analyses of vari- 
ance in men and women, comparing the effects of age 
on each of the nutrients. Consumption of total and sat- 
urated fats, and cholesterol differed significantly across 
age groups in men. Men 235 years consumed signifi- 
cantly fewer calories attributable to fat and had lower 
cholesterol intake. (The same pattern was seen when 
cholesterol was related to caloric intake.) A significant 
reduction in the percentage of calories consumed in to- 
tal dietary fat was seen in women >50 years of age. 

Table III shows the results of l-way analyses of 
variance in men and women comparing the effects of 
age and region on each of the nutrients. There were no 
significant regional differences in men. In women, there 
were significant differences in the percentage of calories 
consumed from total and saturated fats across regions, 
with the highest consumption in the Midwest. There 
were no significant regional differences in cholesterol 
consumption in women. (Similar patterns were seen for 
cholesterol /caloric intake.) 

A 3-way analysis of variance (factors = sex, age 
and region) performed on each of the 3 dependent 
measures indicated a significant age/region interaction 
for total and saturated fats. The West and Northeast 
reported the lowest percent levels of total dietary and 
saturated fats in the 2 younger age groups; however, 
this was reversed in the group aged >50 years where 
the West and Northeast reported a higher percentage 
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of total dietary fat than both the Midwest and the 
South. Figure 3 shows this pattern for total fat; a simi- 
lar pattern was noted for saturated fat. 

Table IV shows the results of chi-square analyses 
comparing CSFII and AHA-ACC on daily consump- 
tion of beef, pork or ham, eggs and alcohol. Analyses 
are presented by sex. There was a significant reduction 
in the daily consumption of each of the 4 dietary items 
by AHA-ACC attendees for both men and women. 


DISCUSSION 

The average diet reported by attendees at the 
AHA-ACC meetings who elected to have diet screen- 
ing satisfies NCEP phase one treatment guidelines for 
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cholesterol intake but is higher than that recommended 
for total and saturated fats. The percentage of meeting 
attendees who reported daily intake of beef, pork or 
ham, eggs and alcohol was significantly lower than that 
of average Americans according to CSFII.45 Beef, 
pork or ham, and eggs are critical food items to be 
monitored in diets intended for cardiac risk reduction. 
Reduction of alcohol intake confers health benefits in a 
variety of ways including reduction of elevated blood 
pressure!:!4 and blood triglyceride levels. !5 

Social, economic and educational status of respon- 
dents was not determined by our questionnaire but can 
reasonably be assumed to be above the national aver- 
age. It also seems probable that subjects who volun- 


TABLE Ili Mean Percentage of Calories from Total Fat, Saturated Fat and Cholesterol Stratified by Region and Sex 


Nutrient Overall West 


Men 


Total fat 
Saturated fat 
Cholesterolt 


Total fat 
Saturated fat 
Cholesterol 
* Ninety-one cases missing data for region. 
t Log cholesterol (mg/day) was used in analysis. 


t Thirty-five cases missing data for region. 
NS = not significant. 


% Calories 
40 


Midwest 


Northeast South p Value 


Ree ee 


35-50 


Age Group (yrs.) 


—— West ~—— Midwest 


—*— Northeast 





FIGURE 3. Percent calories from total fat stratified by age group and region. 
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teered for diet screening were prime candidates for di- 
etary fat reduction. An interest in cardiology, the 
common denominator of attendance at AHA-ACC 
meetings, leads to major exposure to cardiac risk factor 
information. Also, those who participate in dietary 
screening may be the most receptive to advice for di- 
etary change. Despite these favorable aspects, reduction 
in total and saturated fat intake appears principally 
confined to meeting attendees >35 years of age. Fur- 
thermore, diet change associated with age was more 
consistent among men than among women. Differences 
associated with age and intake of total and saturated 
fats, and cholesterol were all significant among men; 
however, only total fat intake differed significantly with 
age among women. 

Cardiac risk factor intervention has been shown to 
be most cost-effective when introduced at an early 
age.!® Intake of dietary fat as percentage of calories has 
recently been shown to influence the formation of new 
coronary lesions that can be seen by angiography.!’ 
More effective diet intervention programs targeted spe- 
cifically to young adults seem indicated, and the repeat- 
ed survey of a more adequately defined sample of car- 
diac care givers might be used as an early marker of 
effectiveness. In addition, evidence from this survey 
that dietary fat intake is influenced by sex and geo- 
graphic location, with highest intake among young 
Midwestern women, suggests the need for consideration 
of these factors when planning and evaluating future 
public health education programs. 

The food frequency questionnaire used in this study, 
designed primarily as a rapid method to initiate diet 
counseling, embodies features that limit its use as a sur- 
vey tool. These have been evaluated and found accept- 
able by other workers: Restriction of the number of 
foods was evaluated in the National Health and Nutri- 
tion Examination Survey II data by Block*; use of the 
standardized portion estimates was tested against pro- 
spective food diaries by Flegal and Larkin!®; and identi- 
fication of persons who eat unusual diets and the fre- 
quency with which they record “never” on a restricted 
foods frequency questionnaire was evaluated by Wil- 
lams and Penfield.'!? Despite these limitations, there 
was close correspondence at ages 19 to 34 between esti- 
mates of saturated and total fats obtained by our ques- 
tionnaire and the extended interview procedure used in 
CSFII. These similar estimates for young men and 
women lend credence to the significant differences asso- 
ciated with age, sex and region in our data. In addition, 
these differences have internal consistency because all 
subjects in gur study used the same questionnaire. Our 
data show that the greatest reduction in total and satu- 


t rated fats was among older male meeting attendees, a 
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TABLE IV Daily Intake of Beef, Pork or Ham, Eggs and 
Alcohol: Comparison of Continuing Survey of Food Intake of 
Individuals and American Heart Association—American College 
of Cardiology 


OnceaDay <OnceaDay pValue 


Men CSFII 321 (28%) 813 (72%) 
AHA-ACC 20 (4%) 507 (96%) 
CSFII 347 (23%) 1,156 (77%) 
AHA-ACC 9 (2%) 445 (98%) <0.0001 


Pork and Ham 


Men CSFII 287 (25%) 847 (75%) 
AHA-ACC 6 (1%) 498 (99%) 
CSFII 308 (20%) 1,195 (79%) 
AHA-ACC 2 (1%) 439 (99%) 


<0.0001 
Women 


<0.0001 
Women 
<0.0001 


CSFII 
AHA-ACC 


Men 321 (28%) 


4(1%) 


813 (72%) 
517 (99%) 
CSFII 365 (24%) 1,138 (76%) 
AHA-ACC 4 (1%) 444 (99%) <0.0001 


Alcohol 


Men CSFII 314 (28%) 820 (72%) 
AHA-ACC 87 (17%) 436 (83%) 
CSFII 225 (15%) 1,278 (85%) 
AHA-ACC 33 (7%) 405 (92%) <0.0001 


ACC = American College of Cardiology; AHA = American Heart Assocation; CSFII = 
Continuing Survey of Food Intake of Individuals. 


<0.0001 
Women 


<0.0001 
Women 


finding supported by direct comparison of 3 food items 
high in fat (beef, pork or ham, and eggs) that were 
listed in identical manner on our questionnaire and in 
CSFII. The percentage of persons reporting intake of 
all 3 of these foods less than once a month or never 
increased significantly with age in men (chi-square = 
8.2, p <0.02) but not in women (chi-square = 0.7, 
p = 0.7). 

There is general agreement that screening for ele- 
vated cholesterol should be followed by appropriate in- 
tervention including dietary change when necessary. 
The survey described here was obtained with a ques- 
tionnaire which can be reported back to subjects within 
l or 2 minutes, having been designed for use with fin- 
ger prick cholesterol screening. This is an efficient new 
means of recognizing sources of dietary fat and formu- 
lating initial dietary changes. 
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CONGENITAL HEART DISEASE 


Relation of Symptoms to Contractility and Defect 
Size in Infants with Ventricular Septal Defect 


Thomas R. Kimball, MD, Stephen R. Daniels, MD, PhD, Richard A. Meyer, MD, 
David W. Hannon, MD, Philip Khoury, MS, and David C. Schwartz, MD 





Forty-two infants with a ventricular septal defect 
(VSD) (21 asymptomatic and 21 symptomatic) 
were compared with 17 control infants to deter- 
mine if symptoms of congestive heart failure 
(i.e., tachypnea/poor growth) were due to de- 
pressed contractility or defect size, or both. 
Echocardiographic indexes of defect size, left 
ventricular performance (shortening fraction), 
preload (left ventricular end-diastolic dimension), 
afterload (left ventricular end-systolic wall 
stress) and contractility (the relation between ve- 
locity of circumferential fiber shortening and wall 
stress) were measured. Clinical assessment in- 
cluded measurement of weight and respiratory 
rate. Pulmonary and systemic blood flow were 
assessed in 17 symptomatic and 3 asymptomatic 
patients by cardiac catheterization. Although 
there was no significant difference in age, the 
symptomatic group had significantly lower 
weight (5.5 + 2.9 vs 7.3 + 2.3 kg, p <0.05) and 
a higher respiratory rate (53 + 14 vs 43 + 6 
breaths/min, p <0.05), compared with control 
subjects. The mean pulmonary to systemic blood 
flow ratio in the symptomatic group was 2.9:1. 
Preload indexed for body surface area was sig- 
nificantly higher in the groups with a VSD com- 
pared with control subjects (asymptomatic, 8.5 
+ 1.7 cm/m?; symptomatic, 9.1 + 1.7 cm/m?; 
control subjects, 6.8 + 1.1 cm/m7?; p <0.05). 
Shortening fraction, afterload and contractility 
were not significantly different among all 
groups. A defect size >0.5 cm (or defect size in- 
dexed for body surface area >1.8 cm/m7) was 
predictive of the presence of symptoms. It is con- 
cluded that contractility is normal in infants with 
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a VSD. Symptoms may be related to pulmonary 
congestion. Perhaps VSD size can be used to 
predict patient course. 

(Am J Cardiol 1991;67:1097-—1102) 


gestive heart failure (i.e., tachypnea, dyspnea, tir- 

ing when feeding and growth failure) in infants 
with a large ventricular septal defect (VSD) are caused 
by depressed contractility or pulmonary overcircula- 
tion.!- Traditional ejection phase indexes dependent on 
loading conditions have prohibited an accurate assess- 
ment of contractility in these infants. However, recent 
advances now allow noninvasive estimation of contrac- 
tility while taking into account loading conditions.* The 
purpose of this study was to determine if symptomatic 
infants with a large VSD have depressed contractility. 


J t is unclear whether signs and symptoms of con- 


METHODS 

Subjects: We studied 42 consecutive patients <24 
months of age who had a VSD and were either asymp- 
tomatic (group 1, n = 21) or symptomatic (i.e., tachy- 
pnea, difficulty feeding, poor weight gain) (group 2, n 
= 21). One patient in each group also had a hemody- 
namically insignificant patent ductus arteriosus. The 
control group consisted of 17 infants without heart dis- 
ease. Each patient and control subject underwent histo- 
ry, physical examination, electrocardiogram and echo- 
cardiogram. Three asymptomatic and 17 symptomatic 
patients also underwent cardiac catheterization. No pa- 
tient or control subject had been or was receiving car- 
dioactive medications. 

Echocardiographic assessment: Each patient and 
control subject underwent 2-dimensional, pulsed Dopp- 
ler and color-flow examination with a Hewlett-Pack- 
ard Model 77020AC Ultrasound Imaging System. M- 
mode echocardiography was performed with either this 
system or an Irex System 2 Ultrasound System. Chlo- 
ral hydrate (50 to 80 mg/kg) or pentobarbital (3 to 4 
mg/kg) was used for sedation when necessary. A pho- 
nocardiogram, electrocardiogram and indirect carotid 
or axillary pulse tracing were simultaneously recorded. 
Peak systolic and diastolic blood pressures were ob- 
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tained from a Dinamapp 845-XT Vital Signs Monitor 
(Critikon). VSD size was measured by off-line analysis 
of 2-dimensional images with a Digisonics Analysis 
System. The size of the VSD was recorded as the max- 
imal distance from any of the echographic imaging 
planes (i.e., parasternal, apical, subcostal). In addition, 
the end-systolic diameters of the left ventricle were 
measured along 2 axes in the parasternal short-axis 
view: (1) from the mid-septum to posterior wall of the 
left ventricle and (2) from the anterior to the inferior 
wall of the left ventricle. Circularity of the left ventricle 
was estimated from the ratio of these 2 perpendicular 
diameters. M-mode data comprised left ventricular 
end-diastolic and end-systolic dimensions and left ven- 
tricular end-systolic wall thickness. A precise definition 
of end systole in patients who were able to continue left 
ventricular shortening after aortic valve closure (e.g., 
VSD or mitral insufficiency) is difficult. However, 
Corin et al> showed that determinations of end-systolic 
wall stress were similar and accurate regardless of how 
end systole was defined. We chose to define end systole 
as aortic valve closure. 

Left ventricular ejection time was derived from the 
pulse tracing and was rate corrected to a heart rate of 
60 beats/min by dividing by the square root of the RR 
interval.© The pulse trace was calibrated by assigning 
the systolic blood pressure to the peak and the diastolic 
blood pressure to the nadir of the pulse trace. The end- 
systolic pressure was obtained by linear interpolation to 
the dicrotic notch, as previously reported.*’ 

Shortening fraction (SF = (LVED — LVES)/ 
LVED), where LVED and LVES are left ventricular 
end-diastolic and end-systolic dimensions, and heart 
rate—corrected velocity of circumferential fiber shorten- 
ing (VCF, = SF/ET.), where ET, is left ventricular 
ejection time, were calculated. Left ventricular end-sys- 
tolic meridional wall stress was determined by the 
method of Grossman et al, which has been validated by 
Lang et al? as WS (g/cm?) = (1.35)(P.s)(LVES)/ 
(4)(h.;)(1 + hes/LVES), where 1.35 is the conversion 
factor from mm Hg to g/cm’, WS is wall stress, Pes is 
end-systolic pressure, and hes is wall thickness. This has 
been found to be a reliable index of afterload.’ 

Contractility was assessed by examining heart rate- 
corrected velocity of circumferential fiber shortening in 
relation to wall stress.!°-!? This relation was established 
in the control group to attain the predicted values for 
heart rate-corrected velocity of circumferential fiber 
shortening at any given level of wall stress. In a previous 
study, Colan et al* showed that a positive change in ino- 
tropy resulted in similar deviations in heart rate-cor- 
rected velocity of circumferential fiber shortening from 
the normal relation over a wide range of wall stress. 
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Therefore, the difference in the measured heart rate- 
corrected velocity of circumferential fiber shortening 
from that predicted for the measured wall stress was 
used to quantitate contractility in each group, as previ- 
ously described.!? Although the model for deriving wall 
stress and contractility in this study is dependent on 
geometrical assumptions (i.e., ellipsoidal left ventricle, 
minor axis symmetrical along the long axis, and uni- 
form and thin-walled myocardial thickness), it has a 
distinct advantage over previous models in that it takes 
into account loading conditions. The model assumes 
that the right ventricle has little effect on left ventricu- 
lar wall stress. In the presence of a VSD, the right ven- 
tricle largely serves as a conduit through which blood 
passes from the left ventricle to the pulmonary artery. 
This situation is similar to mitral regurgitation; Corin et 
al? successfully measured changes in left ventricular 
wall stress without accounting for the effects of the left 
atrium. 

Measures to ensure reproducibility were measure- 
ment of only those echocardiograms with clearly de- 
fined endo- and epicardial echoes, expansion of the 
echocardiographic scale to minimize errors in measure- 
ment, consistent measurement of the left ventricular mi- 
nor axis at a plane just inferior to the mitral valve 
ring,!4 and measurement of 6 cardiac cycles per patient. 
With these techniques, intra- and interobserver variabil- 
ity is excellent in our laboratory. 

All echographic measurements were made by 1 of 
the investigators (TRK) or a technical assistant, both of 
whom were blinded to patient identity. 

Catheterization assessment: Intravenous ketamine 
was used for sedation during cardiac catheterization. 
Oxygen consumption and saturations were recorded. 
Pressures were obtained from a fluid-filled catheter 
system. Cardiac outputs were measured by the Fick 
method. 

Statistical analysis: Multiple regression analysis was 
used to determine the age-dependence of the relation 
between wall stress and the velocity of circumferential 
fiber shortening. Simple linear regression (least-squares 
method) was used to fit each control subject’s data to a 
wall stress/velocity of circumferential fiber shortening 
equation (YCF, = m(WS) + b, where m = slope and b 
= y intercept). Unpaired Student ¢ tests were used to 
compare group means. Step-wise logistic regression 
analysis was also used to determine which variables best 
predicted whether a patient was in the symptomatic or 
asymptomatic group. All calculations were performed 
with the Statistical Analysis System (SAS) software 
version (5th edition [SAS Institute, Inc., Gary, North 


Carolina]). Statistical significance was determined at a T 


p value <0.05. 
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TABLE I Catheterization Data 


VO2 
(ml/min /m?) 


Group 1 (asymptomatic) 


N 
Ow 0 


Mean (+ SD) 
Group 2 (symptomatic) 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Mean (+ SD) 


PVR (Wood 


Units X m?) PVR/SVR RVP/LVP 


0.88 
0.63 
0.32 
0.61 + 0.28 


0.12 
0.25 +0.18 


0.40 
0.15 0.12 0.71 +0.19 


LVP = peak systolic left ventricular pressure; NA = information not available; PVR = pulmonary vascular resistance; Q, = pulmonary blood flow; Qs = systemic blood flow; RVP = 
peak systolic right ventricular pressure; SD = standard deviation; SVR = systemic vascular resistance; VO2 = oxygen consumption. 


RESULTS 

Contractility in control subjects: In the control 
group, the relation between end-systolic wall stress and 
the heart rate—corrected velocity of circumferential fi- 
ber shortening was inversely linear and was described 
by the equation VCF, = —0.0089 (WS) + 1.49. 

Clinical data: There were no significant differences 
in age between the groups (asymptomatic, mean + 
standard deviation 4.5 + 5.5 months; symptomatic, 4.6 
+ 2.9 months; control subjects, 6.0 + 3.6 months). 
However, the symptomatic patients had significantly 
lower weight than the control group (5.5 + 2.9 vs 7.3 
+ 2.3 kg, p <0.05). There were no significant differ- 
ences in heart rate (asymptomatic, 134 + 20 beats/ 
min; symptomatic, 139 + 17 beats/min; control sub- 
jects, 136 + 18 beats/min). However, the symptomatic 
infants had a significantly higher respiratory rate 
(asymptomatic, 45 + 13 breaths/min; symptomatic, 53 
+ 14 breaths/min, control subjects, 43 + 6 breaths/ 
min, p <0.05). 

Catheterization data: Three asymptomatic patients 
underwent cardiac catheterization. In 1 patient, the 
auscultatory examination, the electrocardiogram and 
the chest x-ray suggested a large shunt; catheterization 
was thus performed. In the other 2, pulmonary hyper- 
tension was suspected by Doppler echocardiography. 

Four symptomatic patients did not undergo cathe- 
terization. One patient died and 1 patient was lost to 


t= follow-up. The third had his symptoms controlled ade- 





quately by diuretics, and the fourth developed an aneu- 
rysm within the VSD, resolving symptoms. 

The mean pulmonary to systemic blood flow ratio in 
the symptomatic patients was 2.9 + 1.2 (Table I). The 
mean ratio of pulmonary to systemic vascular resis- 
tance was 0.15 + 0.12. 

Sixteen of the 17 catheterized symptomatic patients 
have undergone surgical closure of their VSD. The oth- 
er is awaiting a surgical date. Two of the 3 catheterized 
asymptomatic patients have undergone surgical closure 
because of pulmonary hypertension in 1 and a pulmo- 
nary to systemic blood flow ratio of 2.2:1 in the other. 

Echocardiographic data: The ratios of the 2 perpen- 
dicular left ventricular diameters were not significantly 
different from 1 in either patient group. This indicates 
that the left ventricular transverse section assumed a 
circular configuration. Echocardiographic data from 
asymptomatic (group 1), symptomatic (group 2) and 
control patients are listed in Table II. Preload (left ven- 
tricular end-diastolic dimension) revealed a step-wise 
increase between control, asymptomatic and symptom- 
atic patients. Left ventricular end-diastolic dimension 
indexed for body surface area revealed the same step- 
wise increase and was significantly higher in the groups 
with a VSD than in the control group. 

Afterload (left ventricular end-systolic wall stress) 
was higher in both VSD groups. Shortening fraction 
was slightly lower in these 2 groups. However, none of 
these differences were statistically significant. Likewise, 
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LVED LVED/BSA WS 
(cm) (cm/m?) 


(g/cm?) 


VCF, CON 
(circ/s) (circ/s) 


Controls 


* p <0.05 compared with control group. 
t p <0.05 compared with group 1. 


BSA = body surface area; CON = contractility; LVED = left ventricular end-diastolic dimension; SD = standard deviation; SF = shortening fraction; VCF- = heart rate-corrected ve- 
locity of circumferential fiber shortening; VSD = ventricular septal defect; WS = left ventricular end-systolic wall stress. 


there was not a statistically significant difference in the 
contractility of symptomatic patients, compared with 
either the asymptomatic or control patients. 

All patients had a single VSD. The VSD location in 
the asymptomatic patients was perimembranous in 12 
of 21 and muscular in 9 of 21. All 21 symptomatic 
patients had a perimembranous VSD. Logistic regres- 
sion of both catheterization and echographic data re- 
vealed that VSD size was the variable that was most 
helpful in predicting whether a patient was asymptom- 
atic or symptomatic. A VSD size >0.5 cm was associ- 
ated with a sensitivity of 71%, specificity of 81%, posi- 
tive predictive value of 79% and a negative predictive 
value of 74%. A VSD size indexed for body surface 
area >1.8 cm/m? improved sensitivity to 86%, positive 
predictive value to 82% and negative predictive value to 
85%, without changing specificity. 


DISCUSSION 

It is generally assumed that symptomatic infants 
with a large VSD have depressed contractility. Their 
symptom complex of tachypnea, dyspnea, tiring with 
feeds and growth failure are referred to as congestive 
heart failure. They are routinely treated with positive 
inotropic agents, such as digoxin. However, the ratio- 
nale for this management is open to question. Although 
some investigators have demonstrated decreased left 
ventricular performance, !!5-16 other studies have shown 
normal or even increased left ventricular function in the 
presence of a VSD. Scott et al? examined 31 infants 
with symptoms due to a left-to-right shunt. Because the 
total output of the left ventricle was increased without 
an increased left atrial pressure, the authors concluded 
that symptoms were not due to poor contractility. Like- 
wise, Waggoner et al? found no significant difference in 
left ventricugar wall stress, shortening fraction, and ve- 
locity of circumferential fiber shortening in patients 
with a VSD with or without symptoms. Shortening 





fraction was significantly higher than in normal sub- 
jects and was thought to be secondary to increased pre- 
load. Contractility was not evaluated in that study. The 
average age of their patients was also higher than that 
of those in our study (34 vs 4.55 months). 

Almost all these studies are limited because of the 
use of ejection phase indexes that are dependent not 
only on contractile state but also on loading conditions. 
Such indexes may also be less reliable in the presence of 
a VSD.'’ Using a load-independent index, we found 
that symptoms in infants with a large VSD are associ- 
ated with normal contractility. 

Although preload was largest in the symptomatic 
group, it was not significantly increased when com- 
pared with the asymptomatic group. This suggests that 
left ventricular size may not be useful in determining 
the hemodynamic significance of a VSD. Regression 
analysis showed that VSD size was the most helpful 
predictor of whether a patient has symptoms. In this 
study, a defect size >0.5 cm or an indexed size >1.8 
cm/m? was found to be a critical size for increased 
likelihood of developing symptoms. Further investiga- 
tion will be necessary to determine if these cutoff points 
are general for other patient populations. 
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MISCELLANEOUS 


Effects of Acute Alterations in Left Ventricular 
Loading Conditions on Peak Filling Rate in the 
Denervated (Transplanted) Ventricle 


Douglas S. Schulman, MD, Brian A. Herman, MD, Galal Ziady, MD, 
Todd Edwards, MD, Robert Kormos, MD, P.S. Reddy, MD, 
William P. Follansbee, MD, and Barry F. Uretsky, MD 


Peak filling rate is an indicator of left ventricular 
(LV) diastolic function. It is influenced by heart 
rate, loading conditions, sympathetic nervous 
system activity, ejection fraction and other fac- 
tors. To determine the effect of altered loading 
conditions on peak filling rate, independent of 
heart rate and sympathetic nervous system ac- 
tivity, 12 patients were studied 3 weeks after 
orthotopic heart transplantation. Plasma cate- 
cholamine level, heart rate and ejection fraction 
were not changed by any maneuver. Nitroglycer- 
in caused a decrease in pulmonary artery wedge 
pressure (9 + 2 to 6 + 1 mm Hg, p <0.001) and 
in absolute peak filling rate (46.0 + 3.0 to 42.8 
+ 2.5 kcts/s, p <0.01), but no change in normal- 
ized peak filling rate. Volume infusion increased 
pulmonary artery wedge pressure (9 + 2 to 12 + 
2 mm Hg, p <0.001) and absolute peak filling 
rate (46.0 + 3.0 to 51.5 + 5.3 kcts/s, p <0.01), 
but peak filling rate normalized to stroke volume 
was unchanged. During nitroglycerin and volume 
infusions, there was a high correlation between 
changes in pulmonary artery wedge pressure 
and absolute peak filling rate (r = 0.82, p 
<0.001). With normalization of peak filling rate, 
these variables correlated less well. With me- 
thoxamine, 4 patients demonstrating systolic 
dysfunction had a decrease in absolute and nor- 
malized peak filling rate despite a large increase 
in pulmonary artery wedge pressure. The other 
8 patients without systolic dysfunction had an in- 
crease in pulmonary artery wedge pressure with 
increased absolute but unchanged normalized 
peak filling rate. Therefore, in the denervated 
ventricle, absolute peak filling rate changes in 
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relation to pulmonary artery wedge pressure as 
loading conditions are altered. Normalized peak 
filling rate is less influenced by pulmonary artery 
wedge pressure. 

(Am J Cardiol 1991;67:1103-—1109) 


niques is a marker of left ventricular (LV) dia- 

stolic function. It is abnormal in patients with 
coronary artery disease,' hypertrophic cardiomyopathy? 
and the syndrome of congestive heart failure accompa- 
nied by normal systolic function.* It has been suggested 
that these patients have abnormal intracellular calcium 
metabolism and LV relaxation.3~’ 

In experimental preparations*!! and in hu- 
mans,!>!3 peak transmitral valve velocity and flow are 
load-dependent. With radionuclide studies, peak filling 
rate has been normalized to end-diastolic counts, but 
this normalized measure may also be influenced by 
changes in loading conditions.'4 Furthermore, these 
measurements also vary with heart rate!5!6 and sympa- 
thetic nervous system activity.'+!’ Because alterations 
in loading conditions usually produce changes in these 
variables, it is difficult to sort out the effects of load 
alone on peak filling rate in humans. 

Patients who have undergone orthotopic heart trans- 
plantation offer a unique opportunity to study this 
problem. They have denervated ventricles and donor 
atria, so that modest changes in loading cause little 
change in heart rate and intrinsic cardiac sympathetic 
nervous system activity. Therefore, the current study 
determines the effect of altered loading conditions alone 
on radionuclide-derived peak filling rates in patients 
who have undergone orthotopic cardiac transplantation. 


Pp: filling rate measured with a variety of tech- 


METHODS 

The protocol was approved by the Biomedical Insti- 
tutional Review Board of the University of Pittsburgh. 
All patients gave informed consent. Twelve patients 
undergoing orthotopic heart transplantation between 
March and November 1989 were enrolled. In our insti- 
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tution, such patients routinely undergo serial right-sided 
cardiac catheterizations and right ventricular endomyo- 
cardial biopsies to monitor cardiac rejection. Patients 
were entered in the study at the time of their predis- 
charge right-sided cardiac catheterization and endo- 
myocardial biopsy study (23 + 3 days after cardiac 
transplantation). All patients were hemodynamically 
stable. We excluded patients with a systolic blood pres- 
sure <110 or >160 mm Hg, a heart rate <60 or >100 
beats/min, or evidence of congestive heart failure. No 
patient had any tissue rejection on myocardial biopsy 
and all patients had normal ejection fractions at rest. 
All patients were receiving immunosuppressive therapy, 
including cyclosporine and prednisone. One patient was 
on the vasodilator hydralazine for hypertension. The 
other 11 patients did not require antihypertensive medi- 
cation. No patient was taking a calcium antagonist or a 
6 blocker. 

Hemodynamic measurements: Right-sided cardiac 
catheterization was performed with a standard pulmo- 
nary artery flotation catheter through either the femo- 
ral or internal jugular vein. Hemodynamic measure- 
ments were made of right atrial, pulmonary artery and 
pulmonary artery wedge pressures. The wedge position 
was confirmed by fluoroscopy in all cases. Both phasic 
and mean pressures were recorded. Cardiac output was 
measured by the thermodilution technique. An average 
of 3 measurements not varying by 10% was obtained. 
Heart rate was monitored continuously. Systemic ar- 
tery pressure was measured with either a 5Fr femoral 
artery catheter (10 of 12 patients) or with an automatic 
timed blood pressure cuff (Dynamapp) (2 of 12 pa- 
tients). 

Radionuclide angiography: Radionuclide angiogra- 
phy was performed with a standard gamma camera 
(General Electric Starcam). The patients’ red blood 
cells were labeled with 25 mCi of technetium-99m per- 
technetate by standard in vivo techniques. The camera 
was positioned over the patient in the best left anterior 
oblique view and was not moved for the duration of the 
study. The study was formatted at 32 frames per cardi- 
ac cycle, resulting in an average time per frame ranging 
from 17 to 28 ms. Beats outside of a 5% variation from 
the baseline cardiac cycle length were excluded from 
analysis. For each study, data were acquired for 500 
beats. All radionuclide angiograms were processed by | 
experienced technologist. A semiautomatic program 
that generates LV regions of interest in each frame of 
the cardiac cycle, using combined second derivative and 
count threshold algorithm, was used (General Electric 
Semi-Automatic Gated Equilibrium). From the back- 
ground-corrected regions of interest, a time activity 
curve was obtained, and LV ejection fraction was cal- 
culated in the standard manner. The time activity curve 
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was fitted with a Fourier transform series using 4 har- 
monics, and a point-by-point derivative calculation was 
performed. The maximal first derivative during diastole 
was used to establish absolute peak filling rate in kcts/ 
s. Two methods of normalization were used. Peak fill- 
ing rates were normalized by dividing the absolute peak 
filling rates by LV end-diastolic counts and by LV 
stroke counts. Time to peak filling rate was measured 
in milliseconds from the end-systolic point to the point 
at which peak filling rate occurs. The background-cor- 
rected end-diastolic counts were corrected for radioac- 
tive decay, using a 6-hour half-life for technetium-99m 
pertechnetate. 

Catecholamine levels: Arterial blood was obtained 
during hemodynamic measurement at the midpoint of 
each radionuclide acquisition. Plasma norepinephrine 
levels were measured by a high-pressure liquid chroma- 
tography method. !8 

Study protocol: We acquired 2 sets of baseline he- 
modynamic data and a radionuclide angiogram at rest. 
The second set of hemodynamic data was acquired at 
the midpoint of the radionuclide study. Nitroglycerin 
was infused at 10 ug/min. The dose was increased 10 
ug every 3 minutes until pulmonary artery wedge pres- 
sure decreased by approximately 30%. After data ac- 
quisition, the patient was allowed to return to his hemo- 
dynamic baseline (<10% variation from the initial 
baseline). Both legs were elevated and 500 ml of nor- 
mal saline was infused until pulmonary artery wedge 
pressure increased by approximately 20 to 30%. Hemo- 
dynamic and radionuclide data were acquired, and the 
patient was then allowed to return to baseline levels. 
Methoxamine was infused at 2 mg/min for 2 minutes 
and subsequently reduced to 0.5 mg/min until systolic 
systemic arterial pressure increased approximately 30 
mm Hg above baseline levels. 

Statistical analysis: Data are presented as mean + 
standard deviation. Differences between hemodynamic 
and radionuclide variables during each intervention 
compared with the baseline study were examined by 
Student’s ¢ test for paired data. Because 4 comparisons 
were made, a p value <0.01 (0.05/4) was considered 
significant by Bonferonni correction. Linear regression 
analysis was performed between changes in pulmonary 
capillary wedge pressure and both absolute and nor- 
malized peak filling rates during preload modification. 


RESULTS 
Hemodynamic and radionuclide data at baseline 
and after each intervention are summarized in Table I. 
Intravenous nitroglycerin: As expected, *travenous 
nitroglycerin (median dose, 40 g/min) decreased pul- 
monary artery wedge (9 + 2 to 6 +°l mm Hg, p 
<0.001) and right atrial pressures (6 + 2 to 4 + 2 mm 
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Hg, p <0.001). Mean systemic arterial pressure also 
decreased (97 + 10 to 88 + 8 mm Hg, p <0.001). 
There were no significant changes in cardiac output, 
heart rate or LV ejection fraction. LV end-diastolic and 
end-systolic counts decreased with nitroglycerin admin- 
istration, consistent with the lowering of LV filling vol- 
umes. Absolute peak filling rate decreased from 46.0 + 
3.0 to 42.8 + 2.5 kets/s (p <0.002) with decreasing 
preload. However, peak filling rate normalized to end- 
diastolic counts or to stroke counts did not change. 
Time to peak filling also did not change. 

Intravenous volume administration: With saline ad- 
ministration, pulmonary artery wedge (9 + 2 to 12 + 2 
mm Hg) and right atrial pressures (6 + 2 to 8 + 2mm 
Hg) increased (p <0.001). Heart rate, mean systemic 
arterial pressure and LV ejection fraction did not 
change but cardiac output increased. Despite the in- 
crease in filling pressure, the increase in LV end-dia- 
stolic counts did not reach statistical significance. Abso- 
lute peak filling rate increased from 46.0 + 3.0 to 51.5 
+ 5.3 kcts/s (p <0.01). A similar percent increase was 
measured in peak filling rate normalized to end-diastol- 
ic counts (4.04 + 0.54 to 4.52 + 0.47 end-diastolic 
volumes/s, p <0.02). However, peak filling rate nor- 
malized to stroke counts was unchanged. Time to peak 
filling rate tended to decrease with saline infusion 
(p = 0.03). 

Intravenous methoxamine: With methoxamine in- 
fusion, mean systemic arterial pressure increased signif- 
icantly in association with an increase in pulmonary ar- 
tery wedge pressure (9 + 2 to 13 + 3 mm Hg, p 
<0.001). Right atrial pressure, cardiac output and 
heart rate did not change significantly. LV ejection 
fraction tended to decrease (69 + 7 to 65 + 10%, p = 
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0.04). LV end-diastolic and end-systolic counts in- 
creased. Although pulmonary artery wedge pressure in- 
creased, there was no change in the absolute or normal- 
ized peak filling rates. Time to peak filling rate also did 
not change. 

Patients receiving methoxamine were divided into 2 
subsets based on the LV ejection fraction response to 
increasing blood pressure. Four patients had a decrease 
in LV ejection fraction of 25% (—5, —10, —14, —16), 
whereas the remaining 8 patients had a decrease of 
<5% (mean —1 + 2%). There were similar degrees of 
blood pressure elevation in both subsets. The former 
group had a marked increase in pulmonary artery 
wedge pressure (9 + 1 to 16 + 2 mm Hg). This was 
accompanied by a trend for absolute (39.3 to 34.0 
kcts/s) and normalized (3.91 to 3.11 end-diastolic vol- 
umes/s and 5.43 to 5.14 stroke volumes/s) peak filling 
rates to decline. In patients who maintained their LV 
ejection fractions, pulmonary artery wedge pressure 
also increased significantly (9 + 3 to 12 + 4mm Hg). 
However, unlike the patients with systolic dysfunction, 
the increase in pulmonary artery wedge pressure was 
associated with an increase in absolute peak filling rate 
(47.7 + 4.9 to 56.3 + 8.6 kcts/s, p <0.01). Peak filling 
rate normalized to either end-diastolic counts or stroke 
counts did not change. 

Changes in pulmonary artery wedge pressure and 
peak filling: During preload modification (nitroglycerin 
and volume infusion) in which LV systolic function was 
unaffected, there was a highly significant correlation 
between the changes in pulmonary artery wedge pres- 
sure and absolute peak filling rate (r = 0.82, p <0.001) 
(Figure 1). The patients with no change in systolic 
function with methoxamine had a similar relation be- 


FIGURE 1. Relation between changes 
from baseline in pulmonary artery wedge 
pressure (PAWP) and absolute peak filling 
rate (PFR) during the drug interventions in 


gles). Data during methoxamine infusion 
are represented by squares. The 4 pa- 
tients with systolic dysfunction during 
methoxamine infusion are represented 
squares with bars. See text for discus- 
sion. 


MAY 15, 1991 


4 


tween pulmonary artery wedge pressure and absolute 
filling rate as defined with preload modification. With 
increased afterload (methoxamine), patients with sys- 
tolic dysfunction are represented as the 4 points outside 
the 95% confidence interval of the line of relation in the 
lower right quadrant of Figure 1. For all patients, there 
was a much weaker relation between changes in pulmo- 
nary artery wedge pressure and peak filling rate nor- 
malized to end-diastolic counts during preload modifi- 
cation, with nitroglycerin and volume infusion (r = 
0.38, p = 0.05) (Figure 2). The points representing 
patients with systolic dysfunction after methoxamine 
tended to be below the line of relation. Finally, there 
was no significant relation between changes in pulmo- 


FIGURE 2. Relation between changes 
from baseline in pulmonary artery wedge 
pressure (PAWP) and peak filling rate 
(PFR) normalized to counts per end-dia- 
stolic volume (EDV/s). Symbols as in Fig- 
ure 1. 
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FIGURE 3. Relation between changes 
from baseline in pulmonary artery wedge 
pressure (PAWP) and peak filling rate 
(PFR) normalized to stroke counts (SC/s). 
Symbols as in Figure 1. 
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nary artery wedge pressure and peak filling rate nor- 
malized to stroke counts (r = 0.21, p = 0.3) (Fig- 
ure 3). 

Norepinephrine levels: There were no significant 
changes in plasma norepinephrine levels. The levels 
were 283 + 235, 397 + 345, 314 + 302 and 177 + 
138 pg/ml at baseline and with nitroglycerin, volume 
and methoxamine infusions, respectively. 


DISCUSSION 

These data demonstrate that absolute peak filling 
rate is load-dependent and, when systolic function re- 
mains intact, is directly related to changes in pulmo- 
nary artery wedge pressure. In this model, normalized 
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peak filling rates appear less influenced by loading con- 
ditions. 

Current model: The model used in this study is 
unique. Changes in blood pressure, and in atrial and 
ventricular pressures, which would activate the sympa- 
thetic and parasympathetic nervous system under ordi- 
nary circumstances,!? have no effect in the cardiac 
transplant patient.2? Although, hypothetically, cardiac 
transplant recipients may respond to stress by increas- 
ing plasma levels of catecholamines,*!?? we measured 
plasma norepinephrine to ascertain that our interven- 
tions did not produce significant changes. Because 
changes in heart rate!>:'© and sympathetic innerva- 
tion!4!7 affect peak filling rates, it would be difficult 
under ordinary circumstances in humans to dissect out 
the effects of loading conditions alone on filling rates, 
independent of the effects of changing heart rate and 
sympathetic nervous system activity. 

Effects of preload: Alterations in left atrial (pulmo- 
nary artery wedge) pressure had the major influence on 
absolute peak filling rate. There was an excellent cor- 
relation between changes in absolute peak filling rate 
and pulmonary artery wedge pressure during nitroglyc- 
erin and volume infusions. Therefore, it is likely that 
changes in pulmonary artery wedge pressure during 
preload modulation reflected alterations in the gradient 
between the left atrium and ventricle at the time of 
mitral valve opening. In experimental preparations, this 
gradient is a major factor influencing absolute peak fill- 
ing rate.*-'! In humans, nitroglycerin caused peak mi- 
tral valve filling velocity to decrease,'*:!? whereas aug- 
mented preload caused it to increase.'* Heart rate and 
ejection fraction, factors known to influence peak filling 
rate,!523 did not change with either maneuver. Blood 
pressure decreased with nitroglycerin, which might be 
expected to enhance active relaxation of the ventri- 
cle!!.24 and therefore the peak filling rate. Nonetheless, 
absolute peak filling rate appeared to vary directly with 
the driving pressure for filling in early diastole. 

In contrast to absolute peak filling, there was only a 
weak correlation between changes in pulmonary artery 
wedge pressure and peak filling rate when normalized 
to end-diastolic counts as preload was varied. There 
was no significant correlation between changes in these 
variables when peak filling rate was normalized to 
stroke counts. This finding would be expected because 
there were similar directional changes in absolute peak 
filling rate and in both end-diastolic and stroke counts. 
Therefore, by accounting for changes in LV end-dia- 
stolic size and stroke volume as preload was altered, 
normalized peak filling rate became much less depen- 
dent on filling pressure. 

Effects of afterload: Methoxamine had varied ef- 
fects on LV function. In patients in whom afterload 
excess caused systolic dysfunction, both absolute and 
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normalized peak filling rates tended to decline, despite 
a large increase in pulmonary artery wedge pressure. 
These results demonstrate the influence of systolic func- 
tion on measurements of diastolic function. It is like- 
ly that active relaxation was impaired in this group 
of patients, which would also impact on peak filling 
rates.''!24 Because of the systolic dysfunction and in- 
creased end-systolic volume, the decrease in peak filling 
rate could in part be due to a decreased gradient for 
flow at the time of mitral valve opening; that is, LV 
minimal pressure increased to a greater degree than left 
atrial pressure.®-!! In the group with preserved systolic 
function during methoxamine infusion, absolute peak 
filling rate and pulmonary artery wedge pressure both 
increased. The relation between changes in pulmonary 
artery wedge pressure and absolute peak filling rates in 
these patients was similar to that observed with preload 
modification. Because both mean absolute peak filling 
rate, stroke volume and end-diastolic volume increased 
in this subgroup, the mean normalized peak filling rates 
were unchanged. 

Normalized peak filling rate: The effect of changing 
load on normalized peak filling rates has been less stud- 
ied than the effect on mitral valve velocity and flow. 
Converting Doppler peak mitral inflow velocity to nor- 
malized peak filling rate involves geometric assump- 
tions that lead to a less than ideal correlation between 
peak filling rate normalized to end-diastolic volume 
measured by Doppler and radionuclide techniques.?526 
Bowman et al?’ suggested normalizing absolute peak 
filling rate to stroke volume, as LV stroke volume can 
be calculated from the Doppler time-velocity integral of 
mitral inflow without geometric assumptions. They 
found that Doppler and radionuclide peak filling rates 
normalized to stroke volume correlated highly. Peak 
filling rate normalized to stroke volume is abnormal in 
certain disease states that are associated with abnormal 
diastolic function.28 However, there are no data con- 
cerning the effect of altered load on Doppler-derived 
normalized peak filling rates. Using radionuclide tech- 
niques in normal volunteers, Plotnick et al!* showed 
that peak filling rate normalized to end-diastolic vol- 
ume varied with changes in posture, and with nitroglyc- 
erin and verapamil administration; fluctuations in heart 
rate and sympathetic nervous system activity as well as 
in load were thought to influence peak filling rates. 

Methodologic limitations: We did not measure left 
atrial or LV pressure during the study. Therefore, we 
could not measure the time constant of LV pressure 
decay nor the actual gradient between the left ventricle 
and atrium at the time of peak filling. Peek filling in 
absolute terms is influenced by active relaxation of the 
ventricle.24 In addition, the gradient between the left 
atrium and ventricle at the time of mitral valve opening 
will be influenced by characteristics of the pulmonary 
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veins, the left atrium and ventricle, and the mitral 
valve.’ 

Although changes in loading conditions were mod- 
est in this study, we specifically attempted to modify 
load within a physiologic range. We did not want to 
cause peripheral catecholamine release or significant 
changes in cardiac output or ejection fraction, because 
these factors all influence peak filling rate. 

We did not directly measure LV end-diastolic vol- 
ume. It is known that radionuclide- and angiographic- 
derived LV volumes correlate well.2? Because each pa- 
tient acted as his own control, attenuation coefficients 
were not calculated. By maintaining the camera posi- 
tion constant, acquiring data for a set number of beats 
in a setting in which heart rate does not change, and 
correcting for radioactive decay, we believed that mea- 
sured end-diastolic counts would compare well with 
end-diastolic volume. 

Finally, patterns of LV filling in cardiac transplant 
patients may be dissimilar from patients with other 
forms of heart disease. The cardiac transplant patient 
has recipient and donor atria. These recipient atria are 
functional and contribute to ventricular filling.2° Also, 
the contribution to filling will depend on where in the 
cardiac cycle these recipient atria contract. Over the 
500-beat radionuclide acquisition, one would expect 
that recipient atrial systole would occur throughout the 
cardiac cycle and not affect averaged peak filling. Al- 
though, recipient atria respond to baroreceptor stimula- 
tion during altered load, an increase or decrease in na- 
tive atrial activity would not be expected to affect the 
distribution over the cardiac cycle during a 500-beat 
acquisition. 
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Comparison of Differences in the Hemodynamic 
Response to Passive Postural Stress in Healthy 
Subjects >70 Years and <30 Years of Age 


Richard P. Shannon, MD, Kathleen A. Maher, MD, John T. Santinga, MD, Henry D. Royal, MD, 
and Jeanne Y. Wei, MD, PhD 





To test the hypothesis that age-related increases 
in arterial pressure alter the cardiovascular re- 
sponse to physiologic stress, 9 healthy elderly 
volunteers (74 + 2 years) and 7 young subjects 
(27 + 3 years) were subjected to a standard 60° 
upright tilt. Cardiac volumes were measured 
with patients in the supine position and 5 min- 
utes after they assumed an upright posture using 
radionuclide ventriculography, while heart rate, 
blood pressure and forearm cutaneous flow were 
recorded continuously and simultaneously. 

Only the expected age-related increase in 
mean arterial pressure (young subjects, 79 + 1 
mm Hg; elderly subjects, 99 + 3 mm Hg; p 
<0.001) distinguished the 2 groups at baseline. 
However, during upright tilt, elderly subjects had 
significant decreases in stroke volume (supine 
[108 + 9 ml] vs upright [78 + 9 mi]; p <0.01) 
and cardiac index (supine [3.4 + 0.2 liters/min/ 
m2] vs upright [2.8 + 0.2 liters/min/m7]; p 
<0.05) because of an inability to reduce end-sys- 
tolic volume (supine, 44 + 6 ml; upright, 51 + 7 
ml); however, mean arterial pressure was main- 
tained through an increase in peripheral resis- 
tance. In contrast, the young relied solely on car- 
diac adaptations to postural stress by decreasing 
end-systolic volume (supine, 62 + 5 ml; upright, 
39 + 5 mi; p <0.01) and increasing heart rate 
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(57 + 2 min“! to 71 + 3 min’, p <0.01), where- 
by cardiac output and mean arterial pressure 
were maintained during tilt. When oral diltiazem 
was administered, the elderly demonstrated a 
significant reduction in mean arterial pressure 
and external stroke work and were subsequently 
able to decrease end-systolic volume during pos- 
tural stress. 

Thus, age-related increases in mean arterial 
pressure, even within a range considered to be 
normal, contribute to increased afterload and al- 
ter the hemodynamic response to passive postur- 
al stress. 

(Am J Cardiol 1991;67:1110-1116) 


dvanced age is associated with altered cardio- 
Assi responses to physiologic stress such as 
posture,!~ submaximal exercise?"!' and sodi- 
um depletion.'* Limitations in homeostatic mecha- 
nisms, such as arterial baroreflex responses, have been 
implicated.!3-!8 However, the effect of age on the 
maintenance of cardiac output under physiologic stress 
is not fully established. Previous studies have suggested 
that cardiac output declines as a function of advanced 
age,>®!5.19 whereas other investigators have noted no 
age-related decline in resting cardiac output in the up- 
right position.’-? The capacity to maintain or augment 
cardiac output in the face of physiologic stress is of 
equal interest. In that regard, Rodeheffer et al? showed 
that healthy elderly persons free of coronary artery dis- 
ease maintain cardiac output under the stress of upright 
exercise through a greater reliance on the Frank-Star- 
ling mechanism. These investigators have also demon- 
strated no age-related tendency to postural declines in 
cardiac output and have evoked a similar dependence 
on the Frank-Starling mechanism.* However, age-re- 
lated increases in characteristic aortic impedance??! 
may also limit the cardiovascular adaptations to physio- 
logic stress in the elderly. A 
We reasoned that provocations such as passive pos- 


tural stress, which would cause an obligatory decrease 
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in left ventricular end-diastolic volume, might unmask 
a vulnerability to orthostatic hypotension, if reliance on 
the Frank-Starling mechanism was the primary com- 
pensatory response. An alternative compensatory re- 
sponse would require a decrease in end-systolic volume 
and an increase in heart rate, responses likely to be lim- 
ited by advanced age.?!!4 We therefore studied the 
cardiovascular response to a postural stress in carefully 
screened healthy young and elderly volunteers to estab- 
lish the relative contribution of these mechanisms to the 
physiologic response. 


METHODS 

Patients: Nine healthy community-dwelling elderly 
(mean age + standard error 74 + 2 years) and 7 
healthy young adults (mean age 27 + 3 years) were 
studied. All underwent a complete history and physical 
examination and were free of overt or occult cardiovas- 
cular disease. All were physically active, but none were 
athletes in training. They took no medications and no 
caffeinated beverages for 24 hours before the study. 
The protocol was approved by the Institutional Review 
Board of the Beth Israel Hospital and all subjects gave 
informed consent before participation. 

All underwent extensive laboratory screening in- 
cluding complete blood count, electrolytes, urea nitro- 
gen and creatinine. Each subject underwent M- 
mode and 2-dimensional echocardiography with pulsed 
Doppler study to exclude structural heart disease and 
valvular pathology. All subjects also underwent a stan- 
dard maximal exercise stress test to exclude clinically 
significant coronary artery disease. 

Study protocol: Subjects were studied in the postab- 
sorptive state at 25 hours after their last meal. A 20- 
gauge angiocatheter was placed in the left antecubital 
vein for blood sampling. Subjects remained supine for 
245 minutes before the baseline tilts. Blood pressure 
measurements were recorded every 20 seconds during 
the 5-minute tilt using a Dinamap® automatic sphyg- 
momanometer, which has been shown to compare fa- 
vorably to intraaortic determination.?>?3 Heart rate 
was recorded continuously via electrocardiographic 
monitoring. Forearm vascular flow was determined us- 
ing Medipacific 5000 laser velocimetry, which provided 
instantaneous and continuous measurement of cutane- 
ous blood flow.74-*° The unobtrusive probe was placed 
on the medial aspect of the left arm proximal to the 
antecubital fossa at the level of the left atrium. Skin 
temperature was maintained constant (+1%) over a 
range previously shown not to alter cutaneous flow. At 
constant teg peratures, resistance vessels in both skin 
and muscle in the human forearm respond similarly to 
= reflexes emanatang from low- and high-pressure barore- 
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ceptors.?” Thus, direct measurement of the cutaneous 
flow was used to corroborate changes in calculated sys- 
temic flow and peripheral resistance. 

Each subject underwent a 60° upright tilt using a 
Stryker® frame which provided a controlled and repro- 
ducible postural stress. Subjects were loosely restrained 
about the waist and their feet rested comfortably 
against a foot board. Upright tilts were performed be- 
fore and 90 minutes after a single oral dose (90 mg) of 
diltiazem. 

Measurement of cardiac volumes: Serial radionu- 
clide ventriculograms were obtained in both the supine 
and upright positions immediately before oral adminis- 
tration of diltiazem and 90 minutes later. Each patient 
was injected with 20 mCi of technetium-99m in vitro 
labeled autologous red blood cells. A mobile Anger 
camera (Technicare 410) with an on-board VIP com- 
puter system was used to acquire the image, which had 
a temporal resolution of 32 frames per RR interval. A 
high sensitivity slant-hole collimator was used to obtain 
cardiac blood pool images in the modified (30° cephalic 
angulation) left anterior oblique view. A 64 X 64 ma- 
trix was used for the full field of view of the camera. 
Each image was acquired for 5 minutes, resulting in a 
minimum of 10,000,000 counts per study. Blood sam- 
ples were obtained at the midpoint of each radionuclide 
ventriculogram to determine the biological clearance of 
the tracer from the intravascular space. 

For each ventriculogram, the global left ventricular 
ejection fraction was calculated using an operator- 
drawn, fixed left ventricular region of interest and a 
computer-generated background region of interest. A 
time-activity histogram generated from the left ventric- 
ular region of interest was used to select the end-dia- 
stolic and end-systolic points of left ventricular volume 
versus time curve. Global ejection fraction was calculat- 
ed from the formula: EF = (ED — ES)/(ED — B), 
where EF = left ventricular ejection fraction, B = 
background count rate, ED and ES = the end-diastolic 
and end-systolic count rates, respectively. The initial 
absolute left ventricular volumes were determined by 
planimetry. The surface area and long axis of the left 
ventricle was determined in the modified left anterior 
oblique view and left ventricular volume (V ) was calcu- 
lated according to the formula V = 8/3z (A-L) where 
A = area of the left ventricle and L = the left ventricu- 
lar long axis. The change in ventricular volume between 
studies was determined by a count-based technique. 
Left ventricular volume was assumed to be proportional 
to the count rate in the left ventricular region of inter- 
est, once this count rate was adjusted for physical decay 
of the tracer, its biological clearance, and the total ac- 
quisition time per frame. Such techniques have been 
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TABLE I Hemodynamic Response to Passive Postural Stress 
in Seven Healthy Young and Nine Healthy Elderly Subjects 


Young Old 


Upright 
126+ 15t 


Upright 
135+ 9* 


Supine Supine 


End-diastolic 166+10 
volume 
(ml) 

End-systolic 
volume 
(ml) 

Stroke 
volume 
(ml) 

Heart rate 
(min!) 

Cardiac 
index 
(liters / 
min/m?) 

Total 
peripheral 
resistance 
(dynes- 
cm/s?) 

Mean 
arterial 
pressure 
(mm Hg) 


62+5 39 + 5* TE 7 


103+ 6 94+6 108 +9 78 +9” 


S72 LEa? 6l 41 73%:3* 


3.1+40.1 3.7+0.2' 3.4402 2.8 + 0.2t 


1,106+61 1,000+69 1,2564+94 1,550 + 184' 


7941 81+2 


* p <0.01 compared with results in supine position. 
t p <0.05 compared with results in supine position. 





shown to correlate well with measures of ventricular 
volume?® using left ventriculography. Cardiac output 
was then calculated as the product of stroke volume 
and heart rate. 

The rate of diastolic filling was assessed by studying 
the filling fractions from end systole to end diastole in 
the supine position before and after oral diltiazem. 

Plasma diltiazem levels: Plasma samples for deter- 
mining circulating levels of diltiazem were obtained be- 


fore and 90 minutes after oral diltiazem. Plasma was 
separated after centrifugation at 3,000 rpm at 0°C and 
frozen at —30°C. Samples were assayed by Marion 
Laboratories (Kansas City, Missouri). 

Data analysis and statistics: The data are expressed 
as mean + standard error of the mean. The unpaired t 
test was used to assess differences at baseline between 
the groups. Analysis of variance with the Neuman 
Keul’s test was used to compare the response over time 
both within and between groups. A probability value 
<0.05 was considered statistically significant. 


RESULTS 

Table I compares the hemodynamic variables in the 
supine and upright positions in both young and elderly 
subjects, whereas Figure | reveals the percent change 
in hemodynamic response during passive postural 
stress. There was the expected age-related differences 
in supine mean arterial pressure between the young and 
elderly subjects (young, 79 + 1 mm Hg vs elderly, 99 
+ 3 mm Hg, p <0.01). In both groups arterial pressure 
was maintained during tilt. However, the mechanisms 
by which arterial pressure is maintained in response to 
passive postural stress were age specific. Importantly, 
there were no age-related differences in the decrease in 
end-diastolic volume associated with the assumption of 
the upright posture. However, while the young subjects 
showed a marked reduction in end-systolic volume 
(—37 + 3%), the elderly demonstrated an increase in 
end-systolic volume during tilt. The consequence of this 
age-related difference in the end-systolic volume re- 
sponse to postural tilt was a significantly greater de- 
crease in stroke volume during tilt in the elderly than in 
the young subjects (p <0.05). Despite similar signifi- 
cant increases in heart rate in the 2 groups, the elderly 
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FIGURE 1. Age-related differences in the 
hemodynamic response to passive postur- 
al stress under baseline conditions. CI = 
cardiac index; EDV = end-diastolic vol- 
ume; ESV = end-systolic volume; HR = 
heart rate; SV = stroke volume; TPR = to- 
tal peripheral resistance. *p <0.01, in 
young compared with elderly subjects. 
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were unable to compensate for the marked reduction in 
stroke volume with the result that cardiac index de- 
creased by 17 + 6% in the elderly compared with a 16 
+ 3% increase (p <0.01) in the young. Thus, mainte- 
nance of arterial pressure in response to tilt required a 
significantly greater increase in peripheral resistance (p 
<0.05) in the elderly than in the young. 

The age-related differences in the cardiac output re- 
sponse to passive postural stress under baseline condi- 
tions were further reflected in similar differences in re- 
gional forearm capillary flow. There was a 13 + 3% 
decrease in forearm capillary flow in the elderly sub- 
jects compared with a 3 + 2% increase in the young 
(Figure 2). 

Important age-related differences in the effects of 
oral diltiazem on supine hemodynamic parameters 
were noted (Figure 3). In the young, diltiazem resulted 
in significant increases in end-diastolic volume (10 + 
3%, p <0.05), but had no significant effect on mean 
arterial pressure or external stroke work. In contrast, 
although diltiazem did have the anticipated beneficial 
effect on left ventricular filling (Table II), there was no 
significant increase in supine end-diastolic volume in 
older subjects (before diltiazem, 154 + 13 ml: after 
diltiazem, 156 + 13 ml). However, diltiazem did cause 
a significant reduction in mean arterial pressure (—10 
+ 2%) and external stroke work (—13 + 3%). 

With reduction in supine mean arterial pressure and 
external stroke work after diltiazem in older subjects, 
there was a 15 + 6% reduction in end-systolic volume 
(Figure 4). Although the magnitude of the decrease in 
end-systolic volume remained greater in the young, the 
age-related differences in the cardiac index response 
were less evident, despite a significantly greater chrono- 
tropic response in the young (33 + 3%) than in the 
elderly (23 + 4%, p <0.05). 


FIGURE 2. Age-related differences in 
forearm capillary flow during postural tilt 
in 7 young and 9 healthy elderly subjects. 
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DISCUSSION 

In the present study, there were no age-related dif- 
ferences in supine cardiac output; yet, healthy older 
subjects were less able to maintain cardiac output dur- 
ing postural stress than were younger subjects. The de- 
crease in cardiac output in the elderly during tilt was a 
consequence of a highly significant decrease in stroke 
volume rather than the anticipated impairment in heart 
rate response. The decrease in stroke volume occurred 
because of a failure in end-systolic volume to decrease 
during postural stress (Figure 1) and not because of a 
greater reduction in end-diastolic volume. However, in 
the healthy elderly, arterial pressure was maintained by 
an increase in peripheral resistance. In contrast, despite 
a similar significant reduction in end-diastolic volume 
during tilt, stroke volume could be more easily main- 
tained by significantly reducing end-systolic volume in 
younger subjects. 

Prior studies have suggested that stroke volume and 
cardiac output decrease with postural stress in both the 
young and elderly.*~’ In each case, supine cardiac out- 
put was markedly greater in the young than in the el- 
derly in contrast to the findings reported here and by 
others.*? In addition, most of these prior studies used 
impedance cardiography to measure stroke volume and 
were then unable to discern whether changes in end- 
diastolic or end-systolic volumes contributed predomi- 
nantly to the decrease in stroke volume. Finally, no pre- 
vious study has considered the contribution of age-relat- 
ed increases in blood pressure to the aforementioned 
response. Our findings are qualitatively similar to those 
reported by Rodeheffer et al.’ However, the magnitude 
of the stimulus (60° upright tilt versus sitting) resulted 
in greater reductions in end-diastolic volume and great- 
er increases in heart rate in the present study. In the 
face of this greater postural stimulus, age-related differ- 
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ences were manifest. In addition, we demonstrated the 
importance of age-related differences in blood pressure 
and aortic stiffness as a major determinant of the limit- 
ed ability to reduce end-systolic volume. Whereas Ro- 
deheffer et al? noted a correlation between increasing 
age, systolic blood pressure, and an increase in end- 
systolic volume during exercise, the significance of these 
findings was overshadowed apparently by age-related 
increases in end-diastolic volume. In contrast, our find- 
ings provide evidence of the importance of ventricular- 
vascular coupling in determining the hemodynamic re- 
sponse to postural provocation with advanced age. 


END DIASTOLIC VOLUME 


Because of the well-documented age-related abnor- 
malities in diastolic function,??3° we sought to improve 
diastolic filling by the addition of a single, oral dose of a 
calcium channel antagonist, diltiazem, which has been 
shown to improve early diastolic filling.*! Again, we 
found an age-related difference in the hemodynamic re- 
sponse to diltiazem. Although early diastolic filling im- 
proved, there was no significant increase in end-diastol- 
ic volume in the elderly after administration of diltia- 
zem in contrast to the increase in end-diastolic volume 
observed in the young. The increase in early diastolic 
filling probably reflects the reduction in afterload ob- 
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FIGURE 3. The effect of a single 90-mg 
oral dose of diltiazem on hemodynamic in- 
dexes in 7 young and 9 healthy elderly 
subjects. *p <0.05 in young compared 
with elderly subjects; ‘p <0.02 compared 
with young before diltiazem. 
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FIGURE 4. Age-related differences in the 
hemodynamic response to passive postur- 
al stress after oral diltiazem. *p <0.05 in 
young compared with elderly subjects. 


PERCENT CHANGE DURING TILT (%) 


served with diltiazem in the elderly and is consistent 
with the load dependence of filling indexes.22 In addi- 
tion, the single oral dose of diltiazem resulted in lower 
plasma levels in the young subjects (45 + 12 pg/ml) 
compared with the older subjects (76 + 18 pg/ml), a 
finding consistent with pharmacokinetic alterations in 
the metabolism of diltiazem that occur with advanced 
age.>! 

Although baseline cardiac volumes, heart rate and 
cardiac index were similar between the 2 study groups, 
there was the expected age-related difference in mean 
arterial pressure. Whereas pressures in these elderly 
subjects are considered “normal” for their age,!5 the 
differences in mean arterial pressure between the 2 
groups may be an important factor in the observed dif- 
ferences in the hemodynamic response to postural 
stress. Furthermore, increased impedance to ejection 
imposed by a stiff, inelastic aorta may account for the 
inability of the older subjects to decrease end-systolic 
volume during tilt under baseline conditions. The in- 
crease is reflected in the increased external stroke work 
seen here in the elderly and reported by others.2° The 
ability to reduce the impedance to ejection is subserved 
by @-adrenergic receptors, and diminished responsive- 
ness to such stimulation has been described!* and has 
been observed in senescent animal models.2! We did 
not measure contractile performance and therefore can- 
not exclude age-related differences in contractility as 
contributing to the observed differences. Nonetheless, 
whereas the arterial pressures measured here are con- 
sidered within normal limits for the healthy elderly, the 
increase likey contributes to the altered hemodynamic 
response to passive postural stress. These data also sup- 
™ port the notion?% that altered cardiac performance with 








HEMODYNAMIC RESPONSE TO POSTURAL TILT 
FOLLOWING DILTIAZEM 


CI YOUNG 
Mm OLD 


TABLE Il Radionuclide Diastolic Filling Fractions in Seven 
Healthy Elderly Subjects 


Filling Fractions Baseline After Diltiazem 


0.43+0.16 
0.29 + 0.13 
0.28 + 0.07 


0.50 + 0.12* 
0.22 + 0.08 
0.28 + 0.07 


First third FF 
Second third FF 
Third third FF 


* p <0.05, baseline compared with values after diltiazem. 
Filling fraction (FF) = percentage of total ventricular filling in the first, second and 
third portion of diastole, respectively. 


advanced age is due, in part, to cardiac adaptations to 
increased afterload. 

Study limitations: These findings are limited by the 
small and select group of carefully screened healthy 
subjects studied and the multiple effects of diltiazem on 
hemodynamic responses. In addition, although we did 
not establish the reproducibility of measurements of 
cardiac volumes in the present study, we have done so 
previously. 34 
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Usefulness of Noninvasive Diagnostic Tools for 
Diagnosis of Acute Pulmonary Embolism in 
Patients with a Normal Chest Radiograph 


Paul D. Stein, MD, Abass Alavi, MD, Alexander Gottschalk, MD, Charles A. Hales, MD, 
Herbert A. Saltzman, MD, Carol E. Vreim, MD, and John G. Weg, MD 


The value of bedside examination and noninva- 
sive tests in the diagnosis of acute pulmonary 
embolism (PE) among patients with a normal 
chest radiograph was investigated. Normal chest 
radiographs were present in 20 of 260 patients 
(8%) with acute PE and in 113 of 642 (18%) 
with suspected acute PE, in whom the diagnosis 
was excluded. A partial pressure of oxygen in 
arterial blood <70 mm Hg in a dyspneic patient 
with a normal chest radiograph was more often 
seen among patients with PE (9 of 17, 53%) 
than among patients in whom PE was excluded 
(18 of 93, 19%; p <0.01). However, no combi- 
nations of blood gases, signs and symptoms 
were strictly diagnostic. High probability ventila- 
tion/perfusion scans among patients with a nor- 
mal chest radiograph were indicative of PE in 
only 6 of 9 patients (67%). Among patients with 
low-probability ventilation/perfusion scans, 8 of 
47 (17%) had PE. This study showed that the 
combination of dyspnea and hypoxia in a patient 
with a normal chest radiograph is a useful clue 
to the diagnosis of PE. Although intuition sug- 
gested that ventilation/perfusion scans would 
yield better results in patients with a normal 
chest radiograph, the ability to diagnose PE by 
ventilation/perfusion scans in this subset of pa- 
tients was not enhanced, except by a reduction 
of the percentage of patients with intermediate 
probability scans. 

(Am J Cardiol 1991;67:1117-1120) 
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dyspneic patient with a normal chest radio- 

graph is likely to have pulmonary embolism 
(PE), although there is no firm evidence for this.! In 
addition, the absence of radiographic abnormalities pre- 
sumably would facilitate the interpretation of a ventila- 
tion/perfusion scan. Intuitively it would seem, there- 
fore, that among patients with acute PE, those with a 
normal chest radiograph would be more readily identi- 
fied by bedside examination and more readily diag- 
nosed by ventilation /perfusion scans than patients with 
an abnormal chest radiograph. The purpose of the pres- 
ent investigation was to explore the value of bedside 
examination and ventilation/perfusion scans in the di- 
agnosis of acute PE among patients with a normal 
chest radiograph. 


C linical experience has suggested that a severely 


METHODS 

Patients: Patients studied in this investigation par- 
ticipated in the national collaborative trial of the Pro- 
spective Investigation of Pulmonary Embolism Diagno- 
sis.? The eligible study population consisted of patients 
aged 218 years, in whom acute PE was of diagnostic 
concern. Symptoms suggesting PE were required with- 
in 24 hours of study entry. Among 260 patients in 
whom PE was determined to be present based on angi- 
ography and on outcome classification, 20 had normal 
chest radiographs. Among 642 patients in whom PE 
was excluded, 113 had normal chest radiographs. 

PE was considered absent if the angiogram did not 
show PE and if there was no contrary outcome review. 
PE was also considered to be absent if there was no 
definitive angiographic reading and the patients were 
discharged from the hospital without a prescription for 
anticoagulant drugs and had no outcome events sugges- 
tive of PE. Among patients in whom the presence or 
absence of PE was determined by such follow-up, were 
those with normal lung scans, who by protocol did not 
receive an angiogram. Also, diagnosis by such follow- 
up was made in patients with an abnormal scan, usual- 
ly read as low or very low probability, who withdrew 
from the study before angiography. 

In this investigation, we evaluated only the 133 pa- 
tients who had normal chest radiographs. Chest radio- 
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graphs were obtained within 24 hours of angiography. 
The majority of these were obtained in the posteroan- 
terior projection and lateral projection at a 72-inch fo- 
cal-film distance with the patient in the erect position. 
In patients who were too ill to be positioned in this 
fashion, an anteroposterior semierect or supine film was 
obtained. Radiographs were considered abnormal if 
they showed atelectasis, pulmonary parenchymal ab- 
normality, pleural effusion, pleural-based opacity, 
elevated diaphragm, decreased pulmonary vasculari- 
ty, prominent central pulmonary artery, cardiomegaly, 
pulmonary edema or “other” abnormalities. Radio- 
graphs of 182 patients initially were identified as nor- 
mal by central readers. These x-ray films were reread 
by some of the investigators (PDS, CAH and JGW) in 
this study, all of whom were blinded to the diagnosis. 
An additional 42 patients were eliminated on the basis 
of these readings. There were, therefore, 133 patients 
with normal chest radiographs. Patients were often 
eliminated because the quality of the radiograph pre- 
cluded the conclusion that it was normal. 

A history and complete physical examination usual- 
ly were completed before ventilation/perfusion scans 
were obtained. Although some patients who entered di- 
rectly through emergency rooms could not be thor- 
oughly evaluated before completion of the ventilation / 
perfusion scan, the physicians who recruited the pa- 
tients made an effort to recruit and evaluate patients 
independently of knowledge of scan results. 

Electrocardiograms: A 12-lead electrocardiogram 
was recorded within 24 hours of recruitment. The elec- 
trocardiographic interpretations were those of the local 
hospital electrocardiographers. 

Arterial blood gases and alveolar-arterial gradient: 
The partial pressure of oxygen in arterial blood (PaO2) 
and partial pressure of carbon dioxide in arterial blood 
(PaCO,) with the patient breathing room air were 
measured within 24 hours before the diagnostic pulmo- 
nary angiogram. PaO, was measured in 17 patients 
with and in 93 patients without PE. Alveolar-arterial 
oxygen gradients were calculated in 17 patients with 
and in 87 patients without PE. The calculation was 
made as; alveolar-arterial gradient = 150 — 1.25 
P aCQO> 7j PaO». 

Among 29 patients with normal chest radiographs, 
either blood gas specimens were not obtained while the 
patients were breathing room air or the gas tensions 
measured were not consistent with steady-state room 
air ventilation. 

Nuclear medicine: Ventilation scans were performed 
with 15 to 30 mCi of Xe-133. Perfusion scans were 
obtained with 4 mCi of technetium-99m macroaggre- 
gated albumin. Methods of performance of ventilation 
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and perfusion scans have been described in detail, as 
have the criteria for interpretation.” The near-normal / 
normal category included readings of very low proba- 
bility by one reader and low probability by the other, 
very low probability by both, very low probability by 
one and normal by the other, and normal by both. 

Pulmonary angiography: Pulmonary angiograms 
were recorded in the anteroposterior projection using a 
14-inch X 14-inch (35.6-cm X 35.6-cm) film. Angio- 
grams were completed within 24 hours and most within 
12 hours after performance of the ventilation /perfusion 
scan. Criteria for the diagnosis of PE were the identifi- 
cation of an embolus obstructing a vessel or the outline 
of an embolus (filling defect) within a vessel. Detailed 
methods for performing and interpreting the pulmonary 
arteriograms have been described.? Among the patients 
with normal chest radiographs, angiograms were ob- 
tained in 20 of 20 (100%) with PE and in 63 of 113 
(56%) who did not have PE. 

Statistical methods: A chi-square was used to com- 
pare the prevalence and distributions of clinical fea- 
tures, and to compare the predictive value and individu- 
al sensitivities and specificities of ventilation /perfusion 
scans.4 Sensitivity was defined as the proportion of 
cases of PE correctly diagnosed. Specificity was defined 
as the proportion of diagnoses in which PE was absent 
among patients who did not have PE. 


RESULTS 

Among the 20 patients with PE, 9 presented with a 
syndrome of pleuritic pain or hemoptysis and 8 present- 
ed with uncomplicated dyspnea (absence of pleuritic 
pain, hemoptysis or loss of consciousness), whereas 2 
presented with circulatory collapse (blood pressure <80 
mm Hg or loss of consciousness). The frequency of oc- 
currence of these syndromes was comparable among 
patients with suspected PE in whom the diagnosis was 
excluded. 

Dyspnea was the most frequent symptom, occurring 
in 14 of 20 patients (70%) with PE. Pleuritic pain and 
leg swelling occurred in 9 of 20 patients (45%). Tachy- 
pnea (respiratory rate 220 beats/min) was the most 
frequent sign in patients with PE, and it occurred in 13 
of 20 (65%). Rales, despite a normal chest radiograph, 
were heard in 7 of 20 (35%). Tachycardia (heart rate 
>100 beats/min) occurred in 6 of 20 (30%). Various 
symptoms and signs occurred with a comparable fre- 
quency among patients with and without PE. 

The electrocardiogram showed nonspecific changes 
of the ST segment or T-wave in 7 of 20 (35%) patients 
with PE. Left-axis deviation occurred in ẹ of 20 pa- 
tients (15%) with PE. Other electrocardiographic ab- 
normalities were present in <10% of patients with PE. 
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TABLE I Combinations of Clinical Characteristics Suggestive of Pulmonary Embolism Among Patients with a Normal Chest 
Radiograph 


Clinical Characteristics (in 
addition to normal chest 
radiograph) 


PaO2 <70 mm Hg 
PaO» <70 mm Hg + dyspnea 
No prior cardiac or pulmonary 
disease + PaO <70 mm Hg 
No prior cardiac or pulmonary 
disease + PaO2 <70 mm Hg + dyspnea 
No prior cardiac or pulmonary 
disease + PaO2 <60 mm Hg 
No prior cardiac or pulmonary 


PE Present 


(n= 17) 


9 (53%) 
9 (53%) 
5 (29%) 
5 (29%) 
3 (18%) 


3 (18%) 


PE Absent 


(n = 93) 


22 (24%) 

18 (19%) 
9 (10%) 
7 (8%) 
3 (3%) 


3 (3%) 


disease + PaO2 <60 mm Hg + dyspnea 


NS = not significant; PaO2 = partial pressure of oxygen in arterial blood; PE = pulmonary embolism. 


The partial pressure of oxygen in arterial blood 
was lower among those who had PE (70 + 15 vs 82 + 
20 mm Hg, mean + standard deviation; p <0.05). 
The alveolar arterial oxygen gradient was comparable 
among patients with and without PE (36 + 17 vs 28 + 
20 mm Hg) (difference not significant). 

PaO, <70 mm Hg in a patient with a normal chest 


radiograph occurred in 9 of 17 (53%) with and in 22 of | 


93 (24%) without PE (p <0.05) (Table I). PaO, <70 
mm Hg as well as dyspnea in combination with a nor- 
mal chest radiograph occurred in 9 of 17 patients 
(53%) with and 18 of 93 (19%) without PE (p <0.01). 
Among patients with no preexisting cardiac or pulmo- 
nary disease, PaO, <70 mm Hg in combination with 
dyspnea and a normal chest radiograph was seen in 5 
of 17 patients (29%) with and in 7 of 93 (8%) without 
PE (p <0.05). PaO, <60 mm Hg in patients with no 
prior cardiac or pulmonary disease and a normal chest 
radiograph was seen in 3 of 17 patients (18%) with and 
in 3 of 93 (3%) without PE (difference not significant). 
Both fellows and staff physicians were usually able 
to correctly exclude PE on the basis of a bedside diag- 
nosis. When the bedside assessment was “low probabili- 
ty,” fellows correctly excluded PE in 38 of 41 patients 
(93%) and staff correctly excluded PE in 52 of 56 pa- 
tients (93%). Physicians were rarely confident of a di- 
agnosis of PE. A high probability bedside assessment 
was made by the fellows in only 3 patients and 1 of 
these patients had PE. A high probability clinical as- 
sessment was made in only | patient by a staff physi- 
cian and that physician was correct. 
Ventilation/perfusion scans: Among patients with 
a high probability ventilation/perfusion scan, 6 of 9 
(67%) had PE (Table II). PE was present in 8 of 47 
(17%) with a low probability ventilation /perfusion scan 
and in 2 of 60 (3%) with a near-normal to normal ven- 
tilation /perfusien scan. No patient with a normal venti- 





TABLE Il Ventilation /Perfusion Scans in Patients with a 
Normal Chest Radiograph 


Pts. with 
PE (% 









Scan Probability 
















High 6 of 9 (67) 
Intermediate 4 of 17 (24) 
Low 8 of 47 (17) 
Near normal—normal 2 of 60 (3) 
Total 20 of 133 (15) 






PE = pulmonary embolism. 


TABLE Ill Sensitivity and Specificity of Ventilation / Perfusion 
Scans in Patients with a Normal Chest Radiograph 


Sensitivity 
(n = 20) 


6 (30%) 
10 (50%) 


Specificity 
(n= 113) 


110 (97%) 
97 (86%) 


Scan Categories 


High probability 

High or intermediate 
probability 

High, intermediate 
or low probability 


18 (90%) 79 (70%) 





lation/perfusion scan had PE. The sensitivities and 
specificities are listed in Table III. 


DISCUSSION 

Dyspnea and a low partial pressure of oxygen in 
arterial blood in a patient with a normal chest radio- 
graph suggested the diagnosis of PE and was seen more 
often among patients with than without PE. However, 
neither this combination nor other combinations were 
diagnostic. This combination, nevertheless, draws atten- 
tion to the likelihood of PE and suggests the necessity 
for further diagnostic studies. 

The ventilation/perfusion scan, despite a normal 
chest radiograph, was not more effective in establishing 
a correct diagnosis than it was among patients with pri- 
or cardiac or pulmonary disease, or patients without 
prior cardiac or pulmonary disease (Stein et al, unpub- 
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lished observations), or among the entire population of 
patients with suspected PE, irrespective of associated 
disease.? Both the sensitivity and specificity of a 
high probability ventilation /perfusion scan were similar 
among patients in this study and in patients with or 
without prior cardiac or pulmonary disease, irrespective 
of whether the chest radiograph was normal or abnor- 
mal (Stein et al, unpublished observations ).* Sensitivity 
and specificity differed among these groups only when 
combinations of “high or intermediate” scan categories 
were considered or when “high, intermediate or low” 
categories were considered. The ventilation /perfusion 
scans were less sensitive but more specific when these 
combinations of scan categories were considered. These 
differences are not clinically important. An advantage 
of ventilation /perfusion scans in patients with normal 
chest radiographs, however, was that fewer had inter- 
mediate probability scans. Among patients with normal 
chest radiographs, 13% had intermediate probability 
ventilation/perfusion scans, whereas 39% of patients 
with no prior cardiac or pulmonary disease had inter- 
mediate probability scans and 46% with prior cardiac 
or pulmonary disease had intermediate scans. 


———S— ———S panunu = 


In conclusion, this study showed that dyspnea and 
hypoxia in a patient with a normal chest radiograph are 
useful clues in the diagnosis of PE. Although intuition 
suggested that ventilation/perfusion scans would per- 
form better in patients with a normal chest radiograph, 
the ability to diagnose PE by ventilation /perfusion 
scans in this subset of patients was not enhanced, al- 
though fewer had intermediate probability scans. When 
PE is suspected on the basis of this combination of find- 
ings, pulmonary arteriography is typically necessary to 
establish the diagnosis. 
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Mechanism of Augmented Left Atrial Pump 
Function in Myocardial Infarction and Essential 
Hypertension Evaluated by Left Atrial 
Pressure-Dimension Relation 


Masunori Matsuzaki, MD, Masaaki Tamitani, MD, Yoichi Toma, MD, Hiroshi Ogawa, MD, 
Kazuhiro Katayama, MD, Yasuo Matsuda, MD, and Reizo Kusukawa, MD 


To analyze left atrial (LA) pump function in nor- 
mal subjects, in patients with essential hyperten- 
sion and in patients with a healed myocardial in- 
farction, LA dimension (aortic-root echogram) 
and pressure (catheter-tip manometer) were si- 
multaneously recorded in 25 patients (8 normal 
subjects, 7 with hypertension and 10 with myo- 
cardial infarction). The pressure-dimension rela- 
tion of the left atrium was composed of 2 loops: 
the A loop (expressing the pump function of the 
left atrium) and the V loop. LA dimension at the 
beginning of active LA shortening was signifi- 
cantly greater in hypertensive subjects (33 + 3 
mm) and in those with myocardial infarction (32 
+ 4 mm) than in normal subjects (28 + 3 mm) (p 
<0.01, p <0.05, respectively). The area of the A 
loop significantly increased in subjects with hy- 
pertension (48 + 3 mm Hg - mm, p <0.01) and in 
subjects with myocardial infarction (29 + 10 mm 
Hg - mm, p <0.05), compared with normal sub- 
jects (20 + 8 mm Hg - mm). The mean fractional 
shortening velocity of the left atrium significantly 
increased in subjects with hypertension, com- 
pared with normal subjects and those with myo- 
cardial infarction (p <0.05 for both). LA peak 
wall tension during the LA active contraction pe- 
riod significantly increased with hypertension 
and with myocardial infarction, compared with 
normal subjects (p <0.01, p <0.05, respective- 
ly). The area of the A loop was directly propor- 
tional to the LA dimension at the beginning of 
active LA shortening (r = 0.53), p <0.01). The 
mean fractional shortening velocity of the left 
atrium was inversely correlated with the LA 
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peak wall tension during the LA active contrac- 
tion period (r = —0.44, p <0.05). With hyperten- 
sion, the relation between the mean shortening 
velocity and the peak wall tension of the left atri- 
um shifted up and rightward. It is concluded that 
the augmented pump function of the left atrium 
in patients with a healed myocardial infarction is 
attributed to Starling’s mechanism, whereas 
with hypertension the increased pump function 
of the left atrium may be attributed not only to 
Starling’s effect, but also to the enhanced inotro- 
pic state of the left atrium. 

(Am J Cardiol 1991;67:1121-1126) 


large contribution to left ventricular filling, es- 

pecially in patients with impaired left ventricu- 
lar diastolic properties. In the clinical field, LA booster 
pump function was indirectly evaluated by analyzing 
the left ventricular diastolic performances or the mitral 
flow pattern, which resulted in conflicting conclusions 
about LA pump function in subjects with hypertensive 
heart disease and coronary artery disease.!-8 Few data 
have been reported concerning the evaluation of LA 
pump function using LA pressure-volume or pressure- 
dimension relations.:! 

We therefore designed this study to evaluate LA 
booster pump function directly from the LA pressure- 
dimension relation in normal subjects, in patients with 
essential hypertension and in patients with a healed 
myocardial infarction. We compared LA pump func- 
tion among all patient groups and investigated the dif- 
ferent mechanisms of the augmented LA pump func- 
tion between the infarction and hypertension groups. 


E eft atrial (LA) booster pump function makes a 


METHODS 

Twenty-five patients—8 normal subjects, 7 with es- 
sential hypertension and 10 with a healed myocardial 
infarction—were studied during the course of diagnos- 
tic left-sided cardiac catheterization and angiography. 
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Normal subjects had atypical chest pain, no heart dis- 
eases and were hemodynamically normal. Echocardiog- 
raphy revealed left ventricular hypertrophy in patients 
with hypertension; wall thicknesses of the interventricu- 
lar septum and the left ventricular posterior wall were 
12 + 2 and 11 + 1 mm, respectively. All hypertensive 
patients had atypical chest pain, but no coronary artery 
or valvular heart diseases, as confirmed by cardiac 
catheterization and selective coronary arteriography. 
Patients with a healed myocardial infarction had a doc- 
umented remote Q-wave myocardial infarction (3 an- 
teroseptal, 5 inferior, | posterior and 1 high lateral in- 
farction). All patients in this group had significant cor- 
onary artery stenoses (>75%) and left ventricular local 
asynergies. All patients included in this study were in 
regular sinus rhythm and had a normal PQ interval on 
the electrocardiogram. 

The study was performed in the fasting, resting and 
recumbent states. Cardiac medication or antihyperten- 
sive agents were discontinued 248 hours before the 
study. Before left ventriculography and coronary ar- 
teriography, a Millar’s catheter-tip micromanometer 
(Model PC-484A, pigtail, 8Fr) was introduced through 
the brachial artery, advanced through the aortic valve 
into the left ventricle, and then inserted retrogradely 
into the left atrium via the mitral valve to obtain the 
LA pressure, as reported elsewhere.? The transducer 
was calibrated electronically against the mercury col- 
umn through the fluid-filled catheter (side hole) at the 
beginning of each study with a Statham P23 ID trans- 
ducer, with zero reference taken at the midaxillary line. 
The calibration was reestablished immediately after 
withdrawal of the catheter. No significant mitral regur- 
gitation was evident by this method, as reported previ- 
ously.” 
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Echocardiograms of the aortic root were recorded 
simultaneously with the LA pressure using the second 
limb lead of the electrocardiogram and phonocardio- 
gram, with a multichannel recorder (Electronics for 
Medicine VR12) using a 1.3-cm diameter, 2.5-MHz 
transducer at a paper speed of 100 mm/s (Figure 1). 
Two days before cardiac catheterization, 2-dimension- 
al echocardiographically guided M-mode echocardio- 
grams of the aortic root were recorded for all patients, 
and the maximal and minimal LA dimensions were ob- 
tained for each. During cardiac catheterization, the M- 
mode echo beam was directed to the position where a 
LA dimension identical to that observed during the 2- 
dimensional echocardiographic study. All examinations 
were performed with the patients in the supine position 
during a respiratory pause at the end-expiratory period. 
Recordings were obtained when all hemodynamic pa- 
rameters were perfectly stable. The instantaneous LA 
pressure-dimension relation during one cardiac cycle 
was computed with a specially programmed computer. 
The LA pressure-dimension relation was composed of 2 
loops (Figure 2): the A loop, expressing the pump func- 
tion of the left atrium and the V loop, expressing the 
reservoir function of the left atrium.*:!° 

The following parameters were measured: maximal 
LA anterior-posterior dimension, LA anterior-posterior 
dimension at the beginning of the active LA shortening, 
minimal LA dimension during active LA shortening, 
and the area of the A loop (Figure 2). The mean frac- 
tional shortening velocity of the left atrium (mean V) 
was calculated by the following equation: mean V = 
(the LA dimension at the beginning of the active LA 
shortening — the minimal LA dimension during active 
LA shortening) divided by the time interval between 
the LA dimension at the beginning of the active LA 


FIGURE 1. Simultaneous recordings of the 
left atrial pressure and aortic root echo- 
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shortening and the minimal LA dimension during ac- 
tive LA shortening. LA peak wall tension during the 
LA active contraction period (Peak T) was measured 
for an index of LA maximal wall tension, which was 
calculated as a maximal value of the LA pressure mul- 
tiplied by the LA dimension during the LA active con- 
traction period, which nearly coincided with the phase 
of the maximal LA pressure. 

The hemodynamic and echocardiographic parame- 
ters of the left atrium were compared among normal 
subjects and the patient groups, and the booster pump 
function of the left atrium was then evaluated. Statisti- 
cal analysis was performed by means of Student’s ¢ test 
for unpaired data. A p value <0.05 was considered sta- 
tistically significant. 


RESULTS 

Patients characteristics, hemodynamic data and LA 
pressure and dimension data are summarized in Table 
I. Age and heart rate were not significantly different 
among the patient groups. A representative tracing of 
the LA pressure-dimension loop in one cardiac cycle is 
shown in Figure 2. In all subjects studied, the loop 
could be composed of 2 components, the A loop and 
the V loop. The maximal and minimal LA dimensions 
in patients with an old myocardial infarction (mean + 
standard deviation 36 + 4 and 26 + 4 mm, respective- 
ly) and in patients with hypertension (36 + 3 mm and 
26 + 2 mm, respectively) slightly increased, compared 
with normal subjects (33 + 3 and 23 + 3 mm, respec- 
tively), but the differences were not significant. How- 
ever, the LA dimension at the beginning of active LA 
shortening was significantly greater in hypertension (33 
+ 3 mm) and healed myocardial infarction groups (32 
+ 4 mm) than in normal subjects (28 + 3 mm; p 
<0.01 and p <0.05, respectively). 

Areas of the A loop were significantly greater in 
hypertension (48 + 3 mm Hg - mm, p <0.01) and in 
healed myocardial infarction groups (29 + 10 mm Hg - 
mm, p <0.05), than in normal subjects (20 + 8 mm 
Hg - mm). Furthermore, the area of the A loop in the 
hypertension group was significantly greater than that 
in patients with a healed myocardial infarction (p 
<0.01). 

The mean fractional shortening velocity of the left 
atrium (mean V) significantly increased in patients 
with hypertension (2.2 + 0.3 cir/s), compared with 
normal subjects (1.8 + 0.4 cir/s) and in those with a 
healed myocardial infarction (1.7 + 0.4 cir/s, p <0.05 
for both). There was no significant difference in the 
value of the,mean V between normal subjects and the 
healed myocardial infarction group. 

The estimated LA peak wall tension (peak T) sig- 
nificantly increased in the hypertension (424 + 86 mm 





Hg + mm) and in the healed myocardial infarction 
groups (387 + 117 mm Hg + mm), compared with 
normal subjects (276 + 89 mm Hg - mm; p <0.01 and 
p <0.05, respectively). However, the value of peak T 
was not significantly different between the hypertension 
and the healed myocardial infarction groups. 

The relation between the area of the A loop and the 
LA dimension at the beginning of active LA shortening 
in all subjects is shown in Figure 3. The area of the A 
loop was directly proportional to the LA dimension at 
the beginning of active LA shortening (r = 0.53, p 
<0.01), indicating that the larger the LA dimension at 
the beginning of active LA shortening, the more the 
active external work of the left atrium increases. The 
area of the A loop in patients with hypertension tended 
to be greater for a given LA dimension at the beginning 
of active LA shortening, compared with that of normal 
subjects and with the healed myocardial infarction 
group (Figure 3). 

The relation between the mean V and the peak T in 
the 3 groups is shown in Figure 4. The mean V inverse- 
ly correlated with the peak T (r = —0.44, p <0.05). 
Furthermore, the relation between the mean V and the 
peak T in patients with hypertension shifted up and to 
the right, compared with that in normal subjects and in 
patients with a healed myocardial infarction. 


DISCUSSION 

Analysis of the effect of LA contraction on left ven- 
tricular filling in patients has been based mainly on the 
left ventricular filling pattern,'-? LA pressure change 
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FIGURE 2. Instantaneous 

cardiac cycle. In all patients, the left atrial 
loop has 2 components. The area of the A-loop (S) could be 
considered to be an index of the external work of the left atri- 
um during active atrial contraction. 
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alone,’ or LA volume change alone.!!!2 However, in 
the clinical field, few investigations have directly evalu- 
ated LA pump function with LA pressure-volume or 
pressure-dimension relations, which may reflect LA dy- 
namics more accurately. Recently, we analyzed the LA 
pressure-volume relation clinically, and reported that 
the active external work of the left atrium increased in 
patients with a healed myocardial infarction, and that 
LA external work depended on the LA volume before 
active atrial emptying.? 

In the present study, to evaluate LA pump function 
in patients with essential hypertension and in those with 
a healed myocardial infarction, we obtained simulta- 
neous recordings of the LA pressure and dimension. 
Because the instantaneous changes of the LA dimen- 
sion obtained by aortic root echogram reflect approxi- 


St er oe a ar ==, 


~ 


mately the LA volume changes in subjects without tho- 
racic deformity, mitral valve disease and a markedly 
dilated left atrium,!*-!> this method is advantageous in 
evaluating the LA size without the influence of contrast 
materials. Moreover, we could obtain the instantaneous 
LA pressure recording without time delay by using a 
catheter-tip micromanometer.? 

The LA pressure-dimension curve was composed of 
2 loops, as reported previously.?:!° The A loop was ex- 
pressed as a pump function of the left atrium, the area 
of the A loop was calculated as an index of the external 
work of the left atrium during active atrial contraction, 
and the LA dimension at the beginning of active atrial 
shortening could be considered as a preload for the LA 
active ejection. As shown in Figure 3, the area of the A 
loop was proportional to the LA dimension at the be- 


TABLE | Patient Characteristics and Hemodynamic Data 









S-A-Loop Peak T 
Pt. Age risks J= ‘PSP LVEDP Pa LADmn LADmx LADa (mmHg MeanV (mmHg 
No. (yr) Sex min) (mmHg) (mmHg) Cl (mm Hg) at Hg) (mm) (mm) (mm) -mm) (cir/s) »«mm) 


Normal Group 


1 M 124 7 
2 = F s 111 8 a Y 
3 64 F 68 150 7 3.7 13 
4 55 M 57 118 6 2.7 7 
5 51 M 73 101 8 2.8 11 
6 24 M 83 108 8 3.4 12 
7 oS: F 64 138 8 3.2 11 
8 40 M 85 120 10 3.1 11 
Mean 48 = 121 8 3.3 a 
+SD 13 +16 +1 +0.5 
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0 26 37 31 29 2.1 220 
5 24 32 29 18 1.7 310 
7 18 28 a3 Wi 1.6 240 
4 28 36 a9 St 1.5 360 
3 24 32 28 «(25 1.8 280 
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+2 +8 +89 


= cardiac index; cir = circumference: HR = heart rate; LADa = left atrial dimension at the beginning of active atrial shortening; LADmn = minimal left aial dimension during ac- 


- LADmx = maximal left atrial dimension; LVEDP = left ventricular end-diastolic pressure; mean V = mean fractional 
NS = not significant; Pa = peak pressure of the left atrial ‘a’ wave; peak T = left atrial peak wall tension during active atrial shortening 


shortening velocity of the left atrium; 
phase; PSP = peak systolic pressure; Px = na- 





dir (‘‘x" descent) of the left atrial pressure; pı = vs normal group; p2 = vs myocardial infarction; S-A4oop = area of the A loop; SD = hieer deviation. 
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ginning of active atrial shortening. This indicated that 
the active external work of the left atrium depended on 
the size of the left atrium before it actively emptied, 
suggesting that the Frank-Starling mechanism might 
be operative in the left atrium in humans. 

It has been generally accepted that ventricular wall 
stress reflects the afterload for ventricular contraction. 
Bianco et al! expressed the LA wall tension obtained 
from the product of the pulmonary capillary wedge 
pressure and the maximal LA dimension. White et al!7 
also calculated the passive LA wall stress by multiply- 
ing the maximal LA dimension by the mean LA pres- 
sure, using a fluid-filled catheter. In the present study, 
we calculated “peak T” (the maximal product of the 
LA pressure and the LA dimension during the active 
atrial contraction period) as an index of LA peak wall 
tension. Peak T was significantly greater in patients 
with hypertension and in patients with a healed myo- 
cardial infarction than in normal subjects, suggesting 
that the afterload for the LA contraction increased in 
these patients, compared with normal subjects. 

The relation between the peak T and the mean V 
correlated inversely as shown in Figure 4. This suggest- 
ed that the afterload should be an important determi- 
nant for evaluating LA pump function quantitatively, 
as reported for the ventricle. !8!9 

In patients with a healed myocardial infarction, 
both the LA dimension at the beginning of active atrial 
shortening and the active external work of the left atri- 
um (area of the A loop) increased, compared with nor- 
mal subjects (Table I), whereas the relation between 
the peak T and the mean V in this group was identical 
with that in normal subjects (Figure 4). Therefore, the 
increased LA pump function in the healed myocardial 
infarction group might be attributed to the Starling 
mechanism. However, individual patients in the healed 
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FIGURE 3. Relation between the area of the A loop (S-A-loop) 
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myocardial infarction group had considerable scatters 
in the relation between external work and LA dimen- 
sion at the beginning of active atrial shortening (Figure 
3). These results suggested that in some patients with a 
healed myocardial infarction whose LA active external 
work was smaller for a given preload, the myocardium 
of the left atrium might be involved in ischemia or fi- 
brosis. 

The instantaneous force-velocity curve of isolated 
heart muscle or the left ventricle shifted up and to the 
right by positive inotropism.2°! A similar shift of the 
relation also occurred by an increase in preload.?! In 
patients with hypertension, both the LA dimension be- 
fore active LA shortening and external work were sig- 
nificantly larger than in normal subjects, and external 
work and the mean V were also significantly greater 
than in normal subjects and in patients with a healed 
myocardial infarction. The increased external work and 
the mean V might be caused by an increased preload; 
however, the relation between the peak T and the mean 
V in patients with hypertension shifted up and to the 
right, compared with both normal and healed myocar- 
dial infarction patients. These results suggested that 
with hypertension, the increased active external work 
for a given preload and the increased shortening veloci- 
ty of the left atrium, accompanied by increased wall 
tension, may have resulted from an enhanced inotropic 
state caused by increased sympathetic activation or hy- 
pertrophy of the LA wall, or both. Thus, augmented 
pump function with hypertension might be attributed 
not only to the Starling effect, but also to the enhanced 
inotropic state of the left atrium. 
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FIGURE 4. Relation between the mean fractional 
velocity of the left atrium (mean V) and the left atrial peak 


ty of the left atrium in this group. 
LEFT ATRIAL PUMP FUNCTION 1125 





a a a a ee = : - ms 
Pa vi Re war ae ng t J — £ 5 pr J=“ i> T AER? at i "Frt> ‘er K KA ta F 
a a "o "e x Pa ~ ees E E P 
g - v a > =s ` -A A (iN d ATS 4 i - 
- ` ia . = a os Y te 
i - x 7% 


Study limitations: Because LA wall thicknesses 
were unavailable, we were not able to estimate the wall 
stress of the left atrium (true afterload). If the left atri- 
um is hypertrophied with hypertension, a true afterload 
may be lower in patients with hypertension than in pa- 
tients with a healed myocardial infarction or normal 
subjects, and the enhanced LA systolic shortening may, 
in part, be an afterload effect. 
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EDITORIALS 


_ Bridging the Gap Between Cardiology and 
Molecular Biology 


Lennart Philipson, MD 


standing of cell function in molecular terms. In 

1973, James D. Watson emphasized in his book 
on molecular biology of the gene that the molecular 
biologist has complete confidence that further research 
will eventually provide humans with the ability to de- 
scribe the essential features that constitute life. Against 
this background, it is astonishing that there is a consid- 
erable gap between the vocabulary, concept and ideas 
of the molecular biologists and the understanding of the 
detailed biologic processes dealt with by the clinicians. 
Although most clinicians are familar with basic aspects 
of biochemistry, protein purification and enzyme turn- 
over, they appear to be much less familiar with the lan- 
guage and the concepts of molecular biology. Part of 
this lack of understanding may be caused by a reluc- 
tance of senior clinicians with basic training mainly in 
biochemistry to direct their younger colleagues into a 
new and challenging field that they do not master. The 
molecular biology approach is a reductionistic approach 
to find simple model systems in which the events under 
study can be ascribed to a few genes; the system select- 
ed must allow reconstitution of the events so that con- 
clusive data can be obtained with several different but 
complementary approaches. Although molecular biolo- 
gy and its application in medicine is a relatively new 
discipline covering 30 years, it has not yet had a strong 
impact in the clinic. It therefore appears necessary to 
improve the teaching and training of clinicians in this 
field. 

Two examples from the field of cardiology are pre- 
sented in which the impact of molecular biology has 
been substantial. Aberrant plasma lipoproteins are 
probably the main etiologic agents in atherosclerosis 
that lead to approximately 50% of all deaths in indus- 
trialized countries. Lipoproteins are composed of a core 
of fat surrounded by a monolayer of phospholipid and 
cholesterol in which the apoproteins are embedded. 
These proteins are essential for assembly of the lipid 


B iology today aims at no less than a full under- 
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core and they also contain the recognition signal for the 
receptors involved in the metabolization of the lipids. 
One of these apolipoproteins, apolipoprotein (apo) B, 
seems to exist in 2 forms called apo B 100 and apo B 
48. The B 48 is associated with chylomicrons and the B 
100 with low-density lipoprotein (Figure 1). Recent re- 
sults suggest that the apo B 48 is generated from apo B 
100 by a novel mechanism, only previously observed in 
mitochondria, involving a cytoplasmic editing func- 
tion that can change the messenger ribonucleic acid 
(mRNA) dramatically. The transcript from the deoxy- 
ribonucleic acid (DNA) is the same for both mR NAs; 
however, at | specific position in the large message, a C 
is changed into a U, leading to a termination codon 
that arrests translation, thereby generating the B48. 
This finding suggests that from | single gene, 2 differ- 
ent proteins may be generated, thereby upsetting the 
classic dogma within molecular biology from the early 
days that 1 gene equals | protein. Through the mecha- 
nism of RNA editing and through mechanisms involv- 
ing alternative splicing of the precursor MRNA, several 
different proteins can be generated from one and the 
same gene. This in itself may lead to ample opportuni- 
ties for biochemical variability through post-transcrip- 
tional mechanisms. We might, therefore, harbor many 
more functional proteins than presumed from the num- 
ber of genes in DNA. In humans it has been estimated 
that there are approximately 100,000 different active 
genes, but because of these alternative rearrangements 
in MRNA, the figure for functional proteins might be 
much higher. Of course, any genome project trying to 
delineate the detailed DNA sequences of human DNA 
will never identify the mRNA or proteins that could 
arise through such alternative post-transcriptional 
mechanisms unless aggressive complementary DNA 
cloning is an integral part of the project. 

Low-density lipoprotein can occur in 2 different 
forms: low-density lipoprotein proper or lipoprotein 
(Lpla]) (Figure 1); the latter is associated with the 
apo(a) through a disulphide linkage between the apo B 
100 and the apo(a). The apo(a) structure has recently 
been determined and it appears to be a variant of the 
protein structure found among blood coagulation fac- 
tors. The apo(a) contains protein segments referred to 
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as a kringle in 38 copies, 37 of which are similar to the 
kringle 4 in plasminogen. The kringle concept is a typi- 
cal jargon term of the molecular biologist. It refers 
originally to a Danish name for a breakfast bread, and 
the protein structure of this domain with its 3 disul- 
phide bridges mimics the folding structure of the bread. 
The connection to the coagulation factors is interest- 
ing, especially because high levels of Lp(a) or especially 
apo(a) are strongly associated with atherosclerosis. 
When the level of Lp(a) is >30 mg/dl, as it is in 20% 
of all people, the relative risk of coronary atherosclero- 
sis increases about twofold. The structure of the apo(a) 
provides a long-sought link between the lipoproteins 
and the clotting system. From the structure alone a hy- 
pothesis on how the atherosclerotic plaques are initiated 
might be proposed. Apo(a) might bind to fibrinogen in 
a complex that becomes fixed to the arterial wall. Be- 
cause apo(a) does not carry proteolytic activity, like 
many of the coagulation factors with kringles, this com- 
plex might inhibit activation of plasminogen by tissue 
plasminogen activator. The lipoprotein may thus com- 
pete with plasminogen for access to fibrin, thereby in- 
hibiting cleavage of the fibrin clot within the arterial 
wall. The chances for atherosclerosis are increased only 
when both the apo(a) and low-density lipoprotein are 
increased in an Lp(a) complex. It may therefore be suf- 
ficient to decrease the low-density lipoprotein level to 
eliminate the dangerous effect of Lp(a) without inter- 
fering with the apo(a) level itself. Several effective ther- 
apy schemes to achieve this have been proposed. 
These 2 findings, although reported 3 years ago, 
have not really penetrated the clinical field in all their 


2128 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 


ue Judd a ial ee >=? 
- »*@ 


FIGURE 1. Schematic organization of 3 li- 

that contain apolipoprotein 
(apo) B. Arrows, site at which the apo B 
messenger ribonucleic acid is changed 
from the code for glutamine (CAA) to ter- 
mination (UAA) of the peptide chain. N re- 
fers to the N-terminal and C to the C-ter- 
minal end of the protein. S-S indicates the 
disulfide bridge between the Apo B-100 
and Apo (a). LDL = low-density lipopro- 
tein. (Adapted from Nature.*) 


37 Copies of 
Kringle 4 


1 Copy of 
Kringle 5 


details and implications. It frequently appears difficult 
for the clinician to understand the details of the techni- 
cal approach in molecular biology, although clinicians 
have a vast insight into human diseases that need to be 
unmasked by the powers of molecular biology. Molecu- 
lar biologists, on the other hand, do not engage exten- 
sively in the teaching, training and reformulation of the 
problems in order that the practicing clinician can be 
an integral part of the scientific inquiry involved in ex- 
plaining basic biologic processes. The task and immedi- 
ate goals for both teams are to bridge this knowledge 
gap rapidly, because if reluctance to accept discov- 
eries in molecular biology continues, the gap is bound 
to widen. 


Here is one example of the different ways of think- . 


ing between molecular biologists and clinicians. At a 
recent meeting on atherosclerosis, a molecular biologist 
(F. Baralle, Trieste, Italy)! reported on his attempts 
to study systemic hypertension using molecular tech- 
niques. He preferred to take advantage of an inbred rat 
strain that has both a hypertensive variant, the Milan 
hypertensive strain and a normotensive counterpart. He 
reasoned that the differences between the 2 strains 
might lie in the stem cells and he therefore made anti- 
bodies against the Milan normotensive strain proteins 
of erythrocytes in the Milan hypertensive strain. With 
these antibodies he was able to identify a 105 kD pro- 
tein that was closely related to the so-called adducins. 
By cloning the complementary DNA he was able to 
find 4 different forms of messenger RNeAs for these 
molecules, and the only difference between the Milan 
hypertensive and normotensive strain ®adducins was a 
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single amino acid polymorphism that may be related to 
the modulation of blood pressure in the 2 rat strains. 

When a clinician, knowledgeable in the numerous 
parameters involved in the cause of hypertension, is 
confronted with these results, he has difficulties in see- 
ing a connection between a single amino acid replace- 
ment in a single protein not normally related to hyper- 
tension and the clinical syndrome. Although it might be 
too early to predict whether the observed polymorphism 
has any significance, these results demonstrate the non- 
prejudiced simple approach of the molecular biologist 
in searching for markers that could ultimately be infor- 
mative for hypertension. 

Finally, what is the remedy to achieve a bridging of 
the gap? From my horizon, having been trained in 
medicine and then having turned to molecular biology 
with a desire to understand the details of biologic pro- 
cesses, I believe there must be a desire from both sides 
to span the gap. Serious senior clinicians must give their 
time to attend one of the many courses in basic molecu- 
lar biology. The vocabulary and the basic concepts of 
molecular biologists will thereby be revealed. In addi- 
tion to all the time they spend reading specific articles 
in monthly clinical journals, they should be prepared to 


devote one vacation to some basic text in molecular bi- 
ology (e.g., Alberts et al’; Darnell et al3). These steps 
will give most of the background information of the 
present status of molecular biology. 

Molecular biologists must refrain from using their 
jargon when conversing with clinicians and listen care- 
fully to the different problems encountered in the clinic, 
because they might reveal nature’s own way of making 
experiments. This could be beneficial to both groups. 
With this joint approach, molecular biology and gene 
technology may become a common resource for diag- 
nosis, research, and perhaps therapy within the medical 
field. 
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Sudden Death After Acute Myocardial Infarction: 
The Forgotten Thrombotic View 


Freek W. A. Verheugt, MD, and Pedro Brugada, MD 


udden cardiac death after acute myocardial in- 
S farction (AMI) remains a major problem. 

About 10% of patients who survive the acute 
and subacute phases of AMI die during the first year 
after hospital discharge. Death is sudden in most cases. 
Arrhythmias have been implicated as the mechanism of 
most sudden deaths.'! There is strong evidence that a 
ventricular arrhythmia indeed plays a role in the final 
event. The question arises, however, whether this ven- 
tricular arrhythmia is always a primary electrical event 
in itself or whether other mechanisms trigger the fa- 
tal arrhythmia as a secondary phenomenon. This issue 
has become actual since the negative outcome of trials 
with class I antiarrhythmic agents after AMI in pa- 
tients with asymptomatic but suppressible ventricular 
arrhythmia, a patient category previously considered to 
be at high risk for post-AMI sudden death.’ 

Stratification of patients at risk of sudden death af- 
ter AMI has been a matter of enormous interest. Al- 
most any existing test in clinical cardiology has been 
used for that purpose.* A review of the available data 
demonstrates that the specificity of findings suggesting 
a high risk of sudden death is extremely low and the 
sensitivity, although higher than the specificity, far 
from optimal. 

The widespread introduction of thrombolytic thera- 
py and coronary angiography during the acute phase of 
AMI has brought important new insights to our under- 
standing of the pathophysiologic mechanism implicated 
in acute ischemia and its consequences. Because pa- 
tients having an AMI are not only at risk of arrhyth- 
mias and pump failure, but are also at risk of recurrent 
ischemic events, we believe that a possible pathophysio- 
logic determinant of sudden death after AMI has been 
neglected in the spectrum of tests involved in the pre- 
diction of sudden death after AMI. Recurrent throm- 
bosis may result in a new AMI, but also may trigger 
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ventricular arrhythmias, resulting in sudden death. The 
arrhythmia in these cases is not a primary but a secon- 
dary phenomenon of the acute thrombosis of a coro- 
nary artery. The possible role of recurrent coronary 
thrombosis in sudden death after AMI will be discussed 
here. 


SUDDEN DEATH DURING THE FIRST 
ISCHEMIC EPISODE 

It is well known that the first ischemic episode in a 
patient having an acute occlusion of a coronary artery 
may lead to ventricular fibrillation and sudden death. 
Actually, statistics in our country suggest that about 
one-third of patients having an AMI die suddenly be- 
fore they can reach the hospital.* Evidence that acute 
ischemia may cause ventricular fibrillation is available 
after many years of experimental studies on acute liga- 
tion of the coronary arteries in animals.°? In humans, 
acute occlusion of a coronary artery is caused by an 
occluding thrombus. The exact mechanisms leading to 
the formation of this thrombus still escape our complete 
understanding, particularly the possible role of coronary 
artery spasm, plaque rupture and hypercoagulability. 
In any case, the ultimate result is the formation of an 
occlusive thrombus that impedes further flow distal to 
the occlusion. If flow is not promptly restored or if col- 
lateral flow is not present, the limitation in coronary 
flow results in myocardial necrosis. Limitation in blood 
flow also changes the electrical properties of endan- 
gered myocardial cells beyond the stenosis. That may 
result in the occurrence of ventricular fibrillation. 

For many years the prognostic value of ventricular 
fibrillation occurring during acute myocardial ischemia 
has been controversial. Although some authors suggest 
that it is a poor prognostic sign, others have shown that 
prognosis after hospital discharge in these patients does 
not differ from prognosis in patients with AMI without 
ventricular fibrillation during acute ischemia.®’ 

Ventricular fibrillation during acute ischemia occurs 
in patients with a large area of ischemia. During AMI 
with a large area at risk, ventricular fibrillation may 
occur. If the patient survives this event, a large AMI 
does not necessarily have to develop. That will depend 
on the presence or absence of collateral flow, on the 
spontaneous early resolution of the thrombus, or on 
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forced lysis with a thrombolytic agent. If spontaneous 
or induced reperfusion occurs early, or if collateral flow 
is present in the very early phase, the patient may de- 
velop a limited AMI with a subsequent good prognosis. 
On the contrary, if the same patient develops a large 
AMI because of absent collateral flow and the lack of 
spontaneous or induced reperfusion, the prognosis will 
be worse. Thus, ventricular fibrillation during acute 
ischemia indicates a large ischemic area, but subse- 
quent prognosis will depend on the extent of permanent 
myocardial damage. We believe that these aspects ex- 
plain the somewhat controversial findings in relation to 
the prognosis of patients with ventricular fibrillation 
during acute ischemia. 


SIZE OF ACUTE MYOCARDIAL INFARCTION 
AND PROGNOSIS 

It is well known that the degree of myocardial dam- 
age is a major determinant of prognosis. However, in 
absolute numbers, most deaths occur in the so-called 
“low-risk” group—that is, in patients with a limited 
AMI and best preserved left ventricular function.’ The 
ultimate size of an AMI is influenced by several fac- 
tors: (1) localization of the causal coronary occlusion, 
(2) extent of coronary artery disease, and (3) presence 
or absence of collateral flow to the endangered area. 

In this sense, the following situations are possible 
during an evolving AMI. 

l. Coronary artery occlusion in a patient with 1- 
vessel disease without collateral flow to the ischemic 
area: This results in an AMI, the size of which depends 
on the location (proximal or distal) of the stenosis and 
on the size of the area perfused by that artery. Fre- 
quently, aneurysm formation will occur when the AMI 
is large. 

2. Occlusion of a coronary artery in a patient with 
multiple-vessel disease and without collateral flow to 
the area at risk: In this situation, the additional coro- 
nary stenoses can contribute to the high incidence of 
pump failure and infarction of other segments. 

3. Coronary occlusion with retrograde collateral 
flow: The AMI may be limited in these cases even 
when the stenosis is located proximally in a coronary 
artery. 

These different situations lead to different clini- 
cal pictures with different prognoses. However, in the 
thrombolytic era, these simple schemes are not valid 
anymore. Early reperfusion with thrombolytic agents 
has made persistent coronary occlusion a much less 
common situation. Thereby, the hospital course of 
AMI has become more benign ‘and long-term prognosis 
D better. The pathogenesis of late complications after 
AMI has also*changed. 


SUDDEN DEATH AFTER ACUTE 
MYOCARDIAL INFARCTION 

AMI has several periods of healing. In general, it is 
assumed that the left ventricle after transmural AMI 
undergoes remodeling. In the absence of coronary re- 
perfusion, this remodeling is unfavorable. Often, left 
ventricular aneurysm develops. At the borders of the 
left ventricular aneurysm, zones of ischemic but viable 
myocardium might form the pathways of sustained 
ventricular tachycardia. After successful coronary re- 
perfusion, not only is the size of the AMI smaller, but 
probably also the areas of viable but ischemic myocar- 
dial cells. This is suggested by the observation that the 
occurrence of spontaneous or inducible ventricular ar- 
rhythmias becomes lower.? However, remodeling is not 
the only sequela of AMI. 

The absence of collateral circulation is another de- 
terminant of infarct size and ventricular remodeling. 
Collateral vessels are usually recruited in chronic stable 
myocardial ischemia. If there are collateral coronary 
blood vessels at the moment of AMI, this might have 
considerable prognostic implications. 

Finally, the presence of additional coronary lesions 
in patients with AMI also has strong prognostic impli- 
cations. Additional coronary stenosis might contribute 
to early reinfarction. Early reinfarction in a zone differ- 
ent from the initial AMI has a poor prognosis, probably 
because of imminent pump failure. Also, in the absence 
of reinfarction, additional coronary stenosis might lead 
to pump failure during the hospital stay and to in- 
creased in-hospital mortality.'° If the patients survive 
hospitalization, a significant risk of death still exists 
during the first year. However, the most malignant ex- 
pression of additional coronary lesions in a patient with 
an evolving AMI is the occurrence of thrombosis in 
another coronary artery. This might lead to reinfarc- 
tion, as stated earlier, but also to sudden death. 

Thus, there are 2 types of patients with sudden car- 
diac death after AMI: first, patients having extensive 
areas of viable ischemic myocardium leading to malig- 
nant ventricular arrhythmia, usually after large AMIs 
with formation of aneurysm and, second, patients hav- 
ing a new coronary thrombotic event in the same vessel 
or a vessel different from the initial AMI. Only in the 
latter does thrombosis probably play a role in the oc- 
currence of post-AMI sudden death. 


CORONARY RETHROMBOSIS AS A CAUSE 
OF SUDDEN DEATH 

Rethrombosis of a coronary vessel after AMI might 
occur in 2 situations: rethrombosis of the initial infarct- 
related vessel and thrombosis in a vessel different from 
the initial infarct-related vessel. In the former, this is 
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only possible after either spontaneous or drug-induced 
coronary reperfusion in the infarct-related coronary 
artery. The incidence of reocclusion after coronary 
thrombolytic therapy is not very well studied. It is very 
important to define coronary reocclusion as a function 
of time. When coronary occlusion occurs in the early 
days after AMI, it might lead to loss of the initial re- 
duction of infarct size.!! When it is associated with ven- 
tricular fibrillation, sudden death can be aborted and 
appropriate measures taken. On the other hand, late 
coronary occlusion might be silent.!! Many patients 
with successful coronary reperfusion have 1-vessel coro- 
nary artery disease and therefore have a good progno- 
sis. Because of the aforementioned reasons, sudden 
death is rare in these patients. Coronary rethrombosis 
in a vessel different from the initial infarct-related ves- 
sel is, however, a malignant condition.!? This can occur 
in the early phase of AMI, known as “ischemia at a 
distance.” This clinical entity might present clinically as 
early reinfarction, ventricular fibrillation or asystole in 
the hospital, or as reinfarction or sudden death after 
hospital discharge. Patients at risk for this type of re- 
thrombosis cannot be identified easily. Exercise electro- 
cardiography after AMI is of limited value in the pre- 
diction of coronary ischemic events. This might be due 
to the low sensitivity of the test, but also to low specific- 
ity, because of a mutilated pretest electrocardiogram. 
Thallium scintigraphy and exercise echocardiography 


might be more helpful,!? but the ideal technique is cor- 
onary angiography, since most of these patients have 
multivessel coronary artery disease.'4* However, the 
presence of multivessel coronary artery disease by itself 
is not a very strong predictor of this condition. Sudden 
cardiac death after AMI is more strongly related to 
residual left ventricular function than to multivessel 
coronary artery disease.'> Noninvasive but also invasive 
tests only show coronary artery stenoses, but do not 
give information on the nature and malignancy of the 
coronary artery stenosis. Atheroma and thrombosis 
cannot be differentiated very well and coronary angiog- 
raphy is a poor predictor of a future AMI.!° This is 
particularly worrisome, because thrombosis, and not 
the chronic stenosis, per se, seems responsible for fatal 
coronary events.!7 


NATURE OF RETHROMBOSIS AFTER 
ACUTE MYOCARDIAL INFARCTION 
Rethrombosis in the same or a different coronary 
vessel after AMI might be (1) occlusive, (2) nonocclu- 
sive or (3) “dispersive.” When the thrombosis is occlu- 
sive, a massive myocardial reinfarction can evolve. 
When it is nonocclusive, imminent reinfarction with or 
without electrocardiographic changes might develop. It 
is also very well possible that a nonocclusive thrombosis 
can occur in a coronary lesion, with small thrombo- 
emboli dispersing in the coronary tree downstream of 
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FIGURE 1. Different types of sudden cardiac death after myocardial infarction. “Primary electric” indicates sudden death 
caused by an arrhythmia based on a substrate created by the myocardial infarction. Ischemia does not play a role, in general. 


However, ischemia is implicated in ‘ 


ischemic” sudden death. Although the final event may be a ventricular arrhythmia, 


the arrhythmia is secondary to ischemia. In the case of primary ischemic sudden death, plaque rupture, intraplaqueshemorrhage, 
thrombosis and spasm may each play a role. However, we do not have many ideas about how they influence each other and 
which is the ultimate initiating mechanism. That may differ from patient to patient. Also, rig A ERS EA PONa 
reperfusion and others do not escapes our knowledge. It has to be related to the particular coagulation and fibrinolytic mecha 

nisms of each patient. There are, however, no methods to study this balance locally. 


1132 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 MAY 15, 1991 


Ha 


the lesion.!8 If this occurs massively, clogging of all 
smaller branches makes the situation comparable with 
total proximal occlusion, with all its catastrophic conse- 
quences for the patient. These lesions might cause ven- 
tricular fibrillation. Even in the absence of total periph- 
eral clogging downstream of the lesion, one should re- 
alize that thrombi release strong, locally active vasocon- 
strictors, such as thromboxane A2 and serotonin. Vaso- 
constriction in small vessels causes scattered areas of 
ischemia, which might induce severe ventricular ar- 
rhythmias. Again, it is very important to know whether 
the area downstream of the lesion is still complete- 
ly viable, already necrotic or inbetween. In the first 
situation, dispersive nonocclusive coronary thrombosis 
has been found,!? even in the absence of significant 
(>50%) coronary artery stenosis. The second situa- 
tion may occur after successful coronary thrombolysis. 
These dispersive coronary thrombi may be completely 
asymptomatic. The third situation may be highly ma- 
lignant. The pathologist finds no thrombus or only mi- 
croemboli in the peripheral coronary arteries down- 
stream of the lesion. 


IDENTIFICATION OF PATIENTS AT HIGH 
RISK FOR SUDDEN DEATH AFTER ACUTE 
MYOCARDIAL INFARCTION 

Because we have 2 types of patients at risk for sud- 
den death after AMI, we have to deal separately with 
these 2 groups in terms of diagnostic procedures. The 
first group, with scarred and damaged myocardium, 
can easily be identified by clinical, electrocardiographic 
and electrophysiologic methods. However, the second 
group, patients with multivessel coronary artery disease 
and imminent rethrombosis of distant coronary vessels, 
cannot be easily identified. Most are stratified in the 
low-risk group. One should realize that most deaths in 
absolute figures occur in the low-risk groups. 

Coronary thrombosis cannot be identified in vivo in 
humans with current techniques. Angiography might 
give some indications,?? as does angioscopy.?! Scinti- 
graphic techniques to detect coronary thrombosis are 
not useful because of their low resolution. Biochemical 
indicators of coronary thrombosis are usually negative, 
because they are diluted in systemic blood flow. Local 
measurement of hemostatic function might be possible, 
but is very invasive, which makes routine studies dif- 
ficult. 


THERAPEUTIC AND PROGNOSTIC 
IMPLICATIONS 

These observations have strong implications. If coro- 
nary rethrombosis is an important cause of sudden car- 
diac death after AMI, antithrombotic therapy after 
AMI must be highly effective. So far many trials have 


been done, but most lack acceptable designs or include 
patients many months after their qualifying AMI. Only 
recently were adequate trials completed that demon- 
strated a beneficial effect in the short??? and long 
term.?4 

However, their influence is not dramatic. There is 
only about a 15% difference in mortality between treat- 
ed and untreated groups. This might be due to several 
factors. First, the type of coronary thrombosis we are 
discussing may not be preventable by the drugs used. 
This is not likely, because aspirin reduces AMI and 
death by 50% in patients with unstable angina and 
non—Q-wave AMI, conditions assumed to be thrombot- 
ic in origin.*°-*” Furthermore, the several mechanisms 
of sudden death after AMI described earlier mix up the 
results of the studies, because we do not know the exact 
mechanism in the individual patient. Interestingly, in 
the Persantine-Aspirin Reinfarction II Study, anti- 
thrombotic therapy was only beneficial in asymptomat- 
ic patients, in those with a non—Q-wave infarction, in 
those without a previous AMI and in those receiving 8 
blockers. These effects were only significant when pa- 
tients entered the trial within the first 3 months after 
the qualifying AMI, the period when the incidence of 
sudden death is the highest. These observations support 
the idea that death might be thrombotic in nature in 
post-AMI patients with preserved left ventricular func- 
tion, the so-called low-risk population, which yields 
the largest absolute numbers of deceased patients af- 
ter AMI. 


FUTURE APPROACHES FOR THE 
RECOGNITION OF CANDIDATES FOR 
“‘THROMBOTIC”’ SUDDEN DEATH AFTER 
ACUTE MYOCARDIAL INFARCTION 

From this discussion it is clear that “thrombotic” 
sudden death after AMI can only occur in some subsets 
of patients. The patient who has had an AMI and who 
has l-vessel disease with permanent occlusion of the 
vessel is not at risk of thrombotic sudden death. De- 
pending on the site of the AMI, he or she may be at 
risk of “electric” sudden death. On the contrary, the 
patient with 1-vessel disease with a reperfused vessel 
may be at risk of thrombotic sudden death, if the area 
at risk is large and if reocclusion occurs. It is unlikely 
that ventricular fibrillation will occur if the stenosis is 
located very distally and if the area at risk is small. 
Whether the patient with multivessel disease is at risk 
of thrombotic sudden death also depends on the extent 
of the areas at risk beyond the stenoses. The risk should 
increase proportionally to the number of proximally lo- 
cated stenoses. But how to identify the stenoses that 
may develop thrombotic occlusion? Angiography is of 
little help.'® Spasm may suddenly change a “stable ste- 
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nosis” into a malignant one because of plaque rupture 
and hemorrhage leading to thrombosis. On the con- 
trary, a “malignant”-looking stenosis may not throm- 
bose. New lesions could develop rapidly, resulting in 
coronary thrombosis and subsequent sudden death. The 
factors involved are thus many and very complex. 
Much work still has to be done to answer the many 
question marks in Figure 1. Until these questions are 
answered, we have to realize that our approach to sud- 
den death after AMI will be incomplete. 
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Atrial Fibrillation in Inferior Wall Q-Wave Acute Myocardial Infarction 


Tetsuro Sugiura, MD, Toshiji Iwasaka, MD, Nobuyuki Takahashi, MD, Seishi Nakamura, MD, 
Hiroya Taniguchi, MD, Yo Nagahama, MD, Masahide Matsutani, MD, and Mitsuo Inada, MD 


Ithough atrial fibrillation (AF) is a relative- 
A ly common arrhythmia occurring during the 

course of acute myocardial infarction (AMI), 
the mechanisms involved in its genesis remain controver- 
sial and are mostly focused on the left ventricle and 
atrium: left ventricular failure, pericarditis and left atri- 
al ischemia.!-4 In contrast, the role of hemodynamic 
change imposed on the right ventricle and right atrium 
related to the onset of AF after AMI is poorly under- 
stood. Because hemodynamic change of the right ventri- 
cle is often observed in inferior AMI, we hypothesized 
that hemodynamic impairment, audible pericardial fric- 
tion rub, electrocardiographic evidence of right ventricu- 
lar AMI and age may be important clinical factors asso- 
ciated with the occurrence of AF. In this study, multivar- 
iate analysis was used to assess the clinical settings 
associated with the occurrence of AF in patients with 
their first Q-wave inferior AMI. 

We studied 161 consecutive patients after O-wave 
inferior AMI who fulfilled the following criteria: (1) 
admitted to the coronary care unit within 24 hours 
from the onset of chest pain and survived the first 3 
days after admission; (2) no history of AMI, chronic 
renal failure, collagen disease, cardiac surgery within 
the previous 6 months or metastatic disease; (3) nor- 
mal thyroid function; and (4) sinus rhythm without 
intraventricular conduction defect at the time of ad- 
mission. In our hospital, it is routine to insert a Swan- 
Ganz catheter into patients with an AMI admitted 
within 24 hours from the onset of chest pain. All 
patients were examined by a physician and written 
informed consent was received before the Swan-Ganz 
catheter insertion. 

The diagnosis of inferior AMI was made when 
patients had ST elevation with new Q waves (II, III 
and aVF) on serial electrocardiograms and at least 
twice the normal elevation in serum creatine kinase 
with MB isoenzyme 25%. At least 1 mm of ST- 
segment elevation and QS or QR intervals in the right 
precordial lead (V4R) at the time of admission were 
considered diagnostic of right ventricular AMI» All 
patients were monitored continuously in the coronary 
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care unit and AF was observed or triggered by the 
rate-dependent alarm system. AF was defined elec- 
trocardiographically by fine, irregular atrial waves 
associated with irregular RR intervals. All patients 
were examined by careful auscultation at least twice 
daily. Pericardial friction rub was considered as a to- 
and-fro, scratchy or grating noise heard in systole, 
mid-diastole and before systole or during any one of 
these phases, the diagnosis of pericardial friction rub 
was made after confirmation by at least 2 cardiolo- 
gists. A pericardial friction rub recognized as such 
during the first 3 days after admission was considered 
diagnostic of acute pericarditis. Pulmonary artery 
wedge and mean right atrial pressures were deter- 
mined at least once every 4 hours, and cardiac output 
was measured every 12 hours. Hemodynamic mea- 
surements were evaluated just before the first episode 
of AF, whereas the lowest cardiac output and highest 
pulmonary artery wedge and mean right atrial pres- 
sures were recorded during the first 3 days in patients 
without AF. 

Two-dimensional and M-mode echocardiography 
were performed with an SSD 870 phased-array sector 
scanner (Aloka, Tokyo). All classic views were re- 
corded on videotape for subsequent analysis by ob- 
servers unaware of the patients’ clinical data. Region- 
al left ventricular wall motion abnormalities were as- 
sessed by 2-dimensional echocardiography obtained 
on the third day of hospitalization. Analysis of the left 
ventricular wall was performed with 11 segments ob- 
tained by long- and short-axis images,? and the num- 
ber of segments with advanced asynergy (akinesia or 
dyskinesia) was calculated. 

A coronary arteriogram was recorded before hos- 
pital discharge. Coronary artery lesions with >70% 
reduction in diameter were considered to be obstruc- 
tive. Each patient was classified as having 1-, 2- or 3- 
vessel disease. The proximal right coronary artery 
lesions were located before the acute marginal branch 
and the proximal left circumflex artery was located 
before the obtuse marginal branch. 

Results are reported as mean + standard devi- 
ation. Student’s t test was used for quantitative data, 
and chi-square analysis for qualitative data. Logistic 
regression analysis was used to evaluate the impor- 
tant variables related to the occurrence of AF. The 
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TABLE I Comparison of Seven Variables 


Non—AF 
Group 
(n = 133) 


AF Group 
(n = 28) 


68 + 10 
4.11 + 1.08 
1244 


64411 
4.76 + 1.42 
10+5 


Age (years) 
Cardiac output (liters /min) 
Pulmonary artery 

wedge pressure (mm Hg) 
Mean right atrial 

pressure (mm Hg) 
Asynergic segments 2i\3:+.1.5 
Pericardialrub O 113 

+ 20 


105 
28 


54 


Right ventricular O 
infarction + 


AF = atrial fibrillation; NS = not significant. 





categorical variables were subdivided as either being 
absent or present. A p value <0.05 was considered 
statistically significant. 

AF was detected in 28 of the 161 patients with Q- 
wave inferior AMI during the first 3 days in the coro- 
nary care unit (AF group) and was absent in 133 
patients (non—AF group). None of the patients had 
AF within 3 hours from the onset of chest pain. All 
episodes of AF were transient and converted to sinus 
rhythm spontaneously or with treatment, but none of 
the patients were taking digitalis before the episode of 
AF. No patient experienced AF during or immediate- 
ly after insertion of the Swan-Ganz catheter. 

To determine the important variables associated 
with the occurrence of transient AF, 7 clinical vari- 
ables were compared between AF and non—AF groups 
(Table I). When the 7 clinical variables were used in 
the multivariate analysis, right atrial pressure (chi- 
square = 6.32, p <0.05) was found to be the statisti- 
cally significant variable associated with the occur- 
rence of AF. 

A coronary arteriogram was recorded in 20 pa- 
tients in the AF group and in 93 patients in the non- 
AF group. The right coronary artery was responsible 
for AMI in 13 patients in the AF group and in 68 
patients in the non—AF group, whereas the left cir- 
cumflex branch was responsible for AMI in 7 patients 
in the AF group and in 25 patients in the non—AF 
group (difference not significant). There was also no 
significant difference between the 2 groups in the rate 
of proximal right or circumflex coronary artery le- 
sions (50 and 42% in the AF and non—AF groups, 
respectively). 

Although precordial chest leads are not 100% sensi- 
tive or specific for right ventricular AMI, we chose the 
presence of a Q wave and =1 mm of ST elevation in V4R 
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for the diagnosis of anatomic right ventricular AMI to 
maximize the diagnostic accuracy as much as possible. 
We found a significantly greater incidence of electrocar- 
diographic evidence of right ventricular AMI and peri- 
cardial friction rub and more left ventricular segments 
with advanced asynergy in the AF than in the non—AF 
group. Inflammatory invasion of the sinus node is sup- 
posed to be the cause of AF in pericarditis.’ However, 
inflammatory change in infarct-associated pericarditis 
should remain in the area overlying the infarct and peri- 
cardial inflammation is unlikely to penetrate the sinus 
node. Therefore, a higher incidence of pericardial fric- 
tion rub and electrocardiographic evidence of right ven- 
tricular AMI in the AF compared with the non—AF 
group could be explained by coexistent larger infarct size. 

Hod et al* found that left atrial ischemia, due to 
occlusion of the left circumflex artery proximal to the 
origin of its left atrial branch and impaired perfusion of 
the atrioventricular nodal artery, is the mechanism of AF 
occurring within 3 hours of chest pain. In our study, none 
of the patients had AF within 3 hours of chest pain and 
we found no significant difference in the rate of proximal 
right coronary artery or left circumflex artery lesions 
between AF and non—AF groups. Despite no significant 
difference in pulmonary artery wedge pressure, mean 
right atrial pressure was significantly higher in the AF 
than in the non—AF group, and right atrial pressure was 
found to be the most important factor associated with the 
occurrence of AF in patients with inferior AMI. There- 
fore, although transient ischemia of atrial tissue cannot 
be completely denied, considering the result of multivari- 
ate analysis, one of the possible mechanisms related to 
AF in patients with inferior AMI is an increase in right 
atrial pressure associated with atrial distension; this dis- 
tension is probably a result of hemodynamic change im- 
posed on the right ventricle owing to an increased inci- 
dence of right ventricular AMI. 
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Heart Rate Variability in Acute Myocardial Infarction and Its 
Association with Infarct Site and Clinical Course 


Athanase Pipilis, MD, Marcus Flather, MRCP, Oliver Ormerod, DM, MRCP, 


and Peter Sleight, MD 
eart rate (HR) variability is now recognized as 

H an important independent prognostic factor af- 
ter an acute myocardial infarction, in addition 
to other traditional measures (e.g., left ventricular dys- 
function, positive exercise test results and ventricular ar- 
rhythmias). Wolf et al! were the first to observe that lack 
of respiratory sinus arrhythmia in the Coronary Care 
Unit carried a poor prognosis even in patients matched 
for other variables such as size of infarct or presence of 
heart failure. Survivors of acute myocardial infarction 
with low HR variability at the time of discharge have a 
higher mortality rate than patients with high HR vari- 
ability.* HR variability may be quantified by power spec- 
tral analysis? and standard deviation (SD) of RR inter- 
vals,* or by the mean of differences between consecutive 
RR intervals.* HR variability is influenced by the bal- 
ance between sympathetic and parasympathetic tone?: 
differences in parasympathetic activity between night 
and daytime in patients with high or low 24-hour HR 
variability and between anterior and inferior infarcts 
during the early phase of infarction®’ have been de- 
scribed. However, other studies? found no influence of 
the infarct site on HR variability. In this study we com- 
pared the night and daytime HR variability in patients 
with anterior and inferior wall acute myocardial infarc- 
tion during the first day of admission to hospital. 

We studied 56 men and 14 women (mean age + SD 
62 + 9 years) who presented to the coronary care unit 
"© with a diagnosis of anterior or inferior wall acute 
myocardial infarction based on electrocardiographic 
criteria (ST-segment elevation in either anterior or 
inferior leads). All patients were admitted within 24 
hours from the onset of chest pain and none had atrial 
fibrillation, heart block or sustained ventricular ar- 
rhythmias during the time of analysis. The mean time 
of presentation was 4.8 (+ 4.1) hours after the onset of 
pain. Thirty-six patients had an inferior and 34 an 
anterior wall acute myocardial infarction. The clini- 
cal characteristics of these 2 groups of patients are 
listed in Table I. 

All patients had a 24-hour Holter tape (Oxford 
Medilog MR 35 FM) starting at a mean of 12.8 (+ 
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6.6) hours after the onset of pain. The tapes were 
analyzed using a Medilog 3000 FM analyzer. The 
trigger pulse and the off-tape crystal clock signals 
were processed to create a continuous beat-to-beat 
interval file on an IBM computer. Cycles with length 
duration different by >20% from the preceding cycle 
length were discarded, thus excluding premature ec- 
topic beats or artefacts from T-wave sensing. For the 
remaining cycles (length duration within 20% of the 
preceding cycle length) histograms of RR intervals 
and of RR interval differences were generated. This 
permitted the following calculations to express HR 
variability for each patient; (1) mean RR interval 
(mean cycle length), (2) SD of the mean RR interval 
(SDppr), and (3) SD of the mean difference ofeach RR 
interval from the preceding one (SDDpp). All these 
parameters were calculated for each patient from two 
4-hour periods of the Holter recording: one during the 
night (1 to 5 hours A.M.) and one during the day (8 to 12 
hours A.M.). 

We compared the night and daytime HR variability 
indexes for each patient and also the differences between 
the anterior and the inferior infarction groups. We also 
correlated the HR variability values with the subsequent 
development of heart failure (presence of rales, gallop 
rhythm or radiologic evidence of pulmonary congestion). 
All patients with these findings were discharged with a 
diuretic drug regimen by the responsible physician. We 
also included the 2 patients who died during the first 2 
weeks after admission. All values are presented as mean 
+ SD. Paired and unpaired Student’s t test and chi- 
square test were used for statistical analysis of our data. 


TABLE I Clinical Characteristics of Patients 


Location of Infarction 


Anterior Inferior 


No. of patients 34 36 
Age (years) 


Male /female 


6249 

28/6 

4.8 + 4.8 
12.9+6.9 

4 (12%) 
410 + 332 
33 (97%) 

3 (9%) 
Values are mean + standard deviation or number of patients. 


Differences between the 2 groups are not significant. 
AST = aspartate aminotransferase. 


6249 
28/8 
4.7+3.5 
12.7+6.4 
2 (6%) 
308 + 223 
33 (92%) 
5 (14%) 


Time to admission (hours) 
Time to Holter start (hours) 
Heart failure on day 1 

Peak AST activity (U /liter) 
Thrombolysis therapy 

Beta blocker on day 1 
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TABLE Il Heart Rate Variability Parameters During Night and 
Day 


Nighttime 
797 + 136 


Variables Daytime p Value 


779 + 133 
71+28 
284+ 14 


<0.05 
<0.001 
NS 


Mean RR interval (ms) 
SDer (ms) 53427 
SDDrpr (ms) 27+17 


Values are mean + standard deviation. 

NS = not significant; SDre = standard deviation of the mean RR interval; SDDrr = 
standard deviation of the mean difference of each RR interval from the preceding 
one. 


TABLE Ill Heart Rate Variability Values in Patients with 
Anterior and Inferior Wall Acute Myocardial Infarction 


Inferior 
(n = 36) 


Anterior 
(n = 34) 


743 + 130 
7344124 
40+18 
634311 


Variables 


0.001 
0.005 
<0.001 
0.03 
0.001 
0.04 


849 + 122 
822 + 129* 
66 + 27 
77 + 22! 


Mean RR night 
Mean RR day 
SDrr night 
SDrr day 
SDDrr night 20+8 33 + 20 
SDDrr day 24+ 12* 31415 
* p <0.05 from corresponding nighttime value. 

t p <0.005 from corresponding nighttime value. 


Values are mean + standard deviation. 
Abbreviations as in Table Il. 





During the 4-hour period at night (1 to 5 A.M.) the 
mean RR interval was longer (slower HR) than during 
the daytime period (8 to 12 A.M.); however, the SDrr was 
less, reflecting a small range of heart rates rather than 
less beat-to-beat variability, because the SDD pr was not 
different between day and night (Table II). Patients with 
anterior wall acute myocardial infarction had a faster 
HR, a smaller SDpr and SDDpr during day and night 
than patients with inferior wall infarction, reflecting less 
HR variability and less beat-to-beat variability. The 
differences were more evident during the nighttime (Ta- 
ble III). The mean RR interval correlated poorly with 
both the SDrr and the SDDrpr (r = 0.49 and 0.34, 
respectively), suggesting that HR variability is indepen- 
dent of HR. 

The median value for SDrr during the nighttime 
period was 50 ms. We therefore classified patients in 2 
groups: 1 with low HR variability (SDrr <50 ms) and I 
with high HR variability (SDrr >50 ms). Patients with 
low HR variability on admission had a significantly 
higher incidence of subsequent clinical heart failure than 
patients with high HR variability (Table IV). The sensi- 
tivity of this index of HR variability was 83% and the 
specificity 63%. The median value for SDDpp was 23 
ms; if patients are classified into those with low (SDDrr 
<23 ms) and those with high (SDDrr >23 ms) HR 
variability, the sensitivity would be 61% and the specific- 
-ity 52%. 

There is now growing evidence that HR variability is 
an independent prognostic factor after acute myocardial 
infarction.2 HR variability reflects parasympathetic ac- 









TABLE IV Clinical Outcome of Patients with Low and High 
Heart Rate Variability 


Complications 





No. of Pts. 
With 


No. of Pts. 
Without 









Variables 













Low HRV (SDrr <50 ms) 15(44%) 19 (56%) 

l p <0.01 
High HRV (SDrr>50ms) 3(8%) 33 (92%) 
Low HRV (SDDer <23 ms) 11 (31%) 25 (69%) 








p=NS 
High HRV (SDDrr >23 ms) 7 (21%) 27 (79%) } 


HRV = heart rate variability; other abbreviations as in Table II. 


tivity,® and from the several methods that have been used 
to express it, power spectral analysis of HR separates the 
sympathetic and the parasympathetic influences on RR 
variation.? However, the more widely and easily applied 
method is the calculation of the mean RR interval and its 
standard deviation? or the differences between successive 
beats. However, when using continuous 24-hour tape 
recordings, there is a possibility of R-wave recognition 
errors, a problem that must be taken into consideration. !° 
One simple, though not perfect, way of avoiding some of 
these errors is to retain only the RR intervals with a 
duration within 20% of the previous cycle.? 

By using a whole 24-hour period to derive HR vari- 
ability, a wide range of heart rates is included, especially 
in ambulatory patients. This would tend to give a relative- 
ly increased HR variability (SD of mean RR interval) in 
the more active patients. Our data showed that during the 
day the HR is faster, but the SD of the mean RR interval 
is larger than during the night. This could be explained by 
a wider range of HRs during the daytime, even in patients 
in a coronary care unit bed. Because the transition from a 
lower to a faster HR is smooth during activity, the 
SDDrr is less likely to be affected by HR variability due 
to physical activity, thus being similar between day and 
night. Thus, SDDpg is an index of HR variability that is 
less influenced by activity-related changes in HR. 

Differences between anterior and inferior wall acute 
myocardial infarction have been described in previous 
studies during the acute phase.®’ In our study, HR vari- 
ability was recorded during the first day of acute myocar- 
dial infarction and we found a significant difference in 
mean RR interval, SDpr and SDDrr between inferior 
and anterior infarction. At the time of the Holter record- 
ings (day 1) the 2 groups (anterior and inferior) were 
similar in clinical evidence of heart failure and the use of 
a B blocker. The differences in HR variability indexes 
were more prominent during the night. This may reflect 
the fact that during sleep the normal parasympathetic 
predominance is suppressed by the relatively higher sym- 
pathetic activity seen in anterior infarets. This did not 
appear to be due to larger infarct size, because at the time 
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of investigation there was no difference in the incidence of 
heart failure or enzyme release between the anterior and 
inferior infarction groups (Table I). These early differ- 
ences between anterior and inferior acute myocardial in- 
farction may disappear later in the healing phase? and 
may represent reflex increase in sympathetic tone from 
sympathetic afferent nerves excited particularly by ante- 
rior ischemia! ! and from vagal afferent nerves in inferior 
infarction. !2 

HR variability yields clinical prognostic information. 
Two weeks after acute myocardial infarction, decreased 
HR variability is associated with increased mortality.? In 
our study, which measured HR variability during the 
first day of hospital admission, there was a good correla- 
tion between low HR variability and clinical outcome 
during the hospital stay. A high proportion of patients 
with SDrr <50 ms needed diuretic treatment as a result 
of some degree of clinical heart failure and the 2 patients 
who died (1 with progressive failure at day 15 and 1 
suddenly at day 11) also had SDrr <30 ms. SDDrp 
seemed less sensitive and specific in predicting the clinical 
outcome in this group of patients. 


Acknowledgment: We thank Jim Johnston for writing 
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Angiographic Features of Left Main Coronary Artery Aneurysms 


On Topaz, MD, Germano DiSciascio, MD, Michael J. Cowley, MD, Evelyne Goudreau, MD, 
Ariel Soffer, MD, Amar Nath, MD, Patricia Lanter, MD, and George W. Vetrovec, MD 


ccording to large angiographic and autopsy 
studies, the incidence of aneurysms of the major 
coronary arteries found during routine cardiac 
catheterization or autopsies varies from 1 to 5.1-3 How- 
ever, aneurysms of the left main coronary artery are very 
rare and only a few cases have been described. The 
purpose of this study is to present clinical and angio- 
graphic findings in 22 patients with an aneurysm of the 
left main coronary artery, as revealed by coronary arteri- 
ography. 
An aneurysm of the left main coronary artery was 
angiographically defined as a significant, permanent, 
abnormal luminal enlargement of the left main coro- 
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nary artery to 22 times the diameter of the patient's 
largest coronary vessel, or 3 times the diameter of a 
standard coronary artery catheter.* Morphologically, 
the aneurysms were identified as saccular (Figure 1), 
defined as a globular outpouching of the arterial wall, 
or fusiform (Figure 2), defined as an elongated cylin- 
drical dilatation. A review of our cardiac catheteriza- 
tion laboratory database revealed that among 20,332 
adult patients who underwent consecutive cardiac 
catheterizations and coronary arteriographies be- 
tween January 1, 1977, and December 31, 1989, 22 
patients (0.1%) angiographically exhibited an aneu- 
rysm of the left main coronary artery (3 patients, 
numbers 5, 11 and 21, were previously reported # ). 
Table I presents data pertaining to the 22 patients. 

The indication for cardiac catheterization in the 22 
patients was either significant angina or evaluation 
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after myocardial infarction. Selective coronary arteri- 
ography was performed by the Judkins femoral or 
Sones brachial technique. The angiograms were inde- 
pendently reviewed by 3 experienced angiographers 
who reached a consensus using previously reported 
guidelines? as to the size (length and width) and shape 
of the aneurysms, as well as the extent and severity of 
associated coronary atherosclerotic lesions. Correc- 
tion for magnification error was made. Patients were 
categorized as having 1 -, 2- or 3-vessel disease when a 
lesion with >50% narrowing of the intraluminal di- 
ameter was present in =1 coronary artery or a major 
branch, or both. A left ventriculogram was performed 
in 21 patients. The left ventricular angiograms were 
reviewed to analyze contractility and segmental wall 
motion. 

There were 22 patients with an aneurysm of the left 
main coronary artery, 11 men and 11 women, ranging 
in age from 48 to 77 years (mean 64). Fifteen patients 
had a known history of systemic hypertension, 9 had 
diabetes mellitus and 4 had hypercholesterolemia 
(cholesterol > 200 mg%). One patient had a history of 
hydralazine-induced lupus erythematosus. None had 
a history of syphilis, arteritis, connective tissue dis- 








ease, cystic medionecrosis, trauma, previous coronary 
angioplasty or coronary artery bypass surgery. 

Thirteen aneurysms (59%) were saccular in form, 
whereas 9 (41%) had a fusiform shape. Ten aneu- 
rysms (45%) appeared as a localized, discrete aneu- 
rysm affecting the left main segment alone. In 12 
patients (55%), the left main coronary artery aneu- 
rysm extended into another major coronary artery 
with the following vessel distribution: 7 patients, into 
both left anterior descending and circumflex arteries; 
5 patients, into the left anterior descending artery. The 
length of the aneurysms varied from 6 to 40 mm, with 
a mean of 19 mm. The width of the aneurysms varied 
from6 to 19mm, with a mean of 9 mm. Calcifications 
of the aneurysmal wall were seen on fluoroscopy in 7 
patients (32%). 

In 14 patients (numbers 4, 5, 7, 9, 10, 12 through 
20), contrast injections revealed a pseudo filling de- 
fect localized at the left main coronary artery, as well 
as at the aneurysmal site. It resulted from streaming 
and swirling of the contrast dye inside the aneurysmal 
structure (Figure 3). Streaming was denoted by the 
admixture of blood with dye, resulting in a poorly 
defined lumen due to the lucencies appearing in the 


FIGURE 1. Patient 14: Coronary angiogram 
in the right anterior oblique projection show- 
ing an eccentric lesion (large black arrow- 


arrow), located at the distal left main coro- 
nary artery. The left anterior descending ar- 
tery has a proximal aneurysm (small black 
arrowhead). 


FIGURE 2. Patient 2: Left, injection in the 
right anterior oblique demonstrating an 
elongated fusiform aneurysm of the left 
main coronary artery. Right, patient 15: 
A giant fusiform aneurysm of the left main 
coronary artery extending inty the left an- 
terior descending artery. Cranial right an- 
terior oblique projection. 
@ 
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head) followed by a saccular aneurysm (white 
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column of dye. One patient (number 21) had a true 
thrombus partially filling the aneurysm of the left 
main coronary artery. 

Ten patients (45%) had additional aneurysms lo- 
calized in other coronary arteries. In7 patients (32%), 
diffuse ectatic dilatations without the formation of a 
discrete aneurysm were identified in =1 coronary ar- 
tery. Sixteen of the 22 patients (73%) had severe 3- 
vessel, 3 (13.5%) had 2-vessel and 3 had 1-vessel 
disease. In 6 patients (27%), 5 with a saccular aneu- 
rysm and | with a fusiform aneurysm, the aneurysm 
was directly adjacent to a significant lefi main ob- 
structive lesion. There were 16 patients in whom the 
left main segment was free of atherosclerotic lesions. 
The left ventricular ejection fraction varied from 20 to 
70% (mean 49%). Eleven patients had a regional wall 
motion abnormality (9 hypokinetic, 2 akinetic). Mild 
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mitral regurgitation was identifed in 1 patient. Aortic 
and abdominal aortograms were performed in 6 pa- 
tients. Two (numbers 13 and 15) were found to have 
an abdominal aortic aneurysm and 1 (number 12) had 
dilatation of the ascending aorta and mild to moder- 
ate aortic insufficiency. After the diagnostic cardiac 
catheterization, 11 patients underwent coronary by- 
pass surgery and 6 received medical treatment. Five 
additional patients referred to our laboratory for car- 
diac catheterization only were transferred to another 
facility for continuation of care and we are unable to 
report their management. One patient (number 5), 
recatheterized 2 years after the index catheterization, 
had no evidence of a change in aneurysmal dimen- 
SIONS. 

Coronary aneurysms are more frequently encoun- 
tered in the right coronary artery and circumflex artery 


TABLE I Angiographic Features of Left Main Coronary Artery Aneurysms 
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LAD = left anterior descending artery; LC = left circumflex artery; LMCA = left main coronary artery; LVEF = < = 


intermediate artery; + = present; 0 = absent. 


FIGURE 3. Patient 4: Left, angiographic 
appearance of a pseudo filling defect. 
Right, a prolonged forceful injection ade- 
quately filling the left main coronary ar- 
tery and aneurysm. 
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than in the left anterior descending artery, whereas left 
main coronary artery aneurysms are very rare. Because 
most of our patients were catheterized for evaluation of 
either anginal syndrome or congestive heart failure and 
were found to have significant coronary artery disease, it 
is difficult to define the exact role of the left main coro- 
nary artery aneurysm in the patient’s symptomatology. 
Even coronary aneurysms without significant narrowing 
can cause chest pain and segmental left ventricular wall 
motion abnormalities.2 The mechanism is attributed to 
disturbed flow or showering of microemboli. Rath et al® 
described 5 adult patients who had coronary aneurysms 
without coronary stenosis. In time, all 5 patients devel- 
oped acute myocardial infarction, and recatheterization 
revealed complete occlusion of a previously nonstenosed 
aneurysmal vessel. 

Left main coronary artery aneurysms vary in size, 
from the relatively “small” size of those that are confined 
only to the left main coronary artery, to a very large 
formation, which we determined as an aneurysm >30 
mm in length or 15 mm in height, or both, and extending 
into another major coronary vessel. 

Several angiographic observations in the present 
study are notable: (1) The presence of a left main coro- 
nary artery aneurysm is usually associated with signifi- 
cant 2- or 3-vessel coronary artery disease. (2) A finding 
of a “filling defect” in the aneurysmal structure frequent- 
ly occurs during contrast injections. The cause of this 
phenomenon is streaming and swirling of contrast inside 
the large aneurysmal space. It is important to differenti- 
ate this angiographic finding from an actual thrombus, 
as a thrombus contains potential risk for impaired coro- 
nary flow and embolization. A careful review of the 
aneurysmal area in multiple projections, examination of 


the relation of the filling defect to any adjacent lesion and 
detection of similar findings in other coronary arteries 
can assist in the identification of an actual thrombus. At 
times, in order to achieve adequate vessel filling, the 
angiographer may need to use a high-flow catheter. Iden- 
tification of a true thrombus may have significant clinical 
implications, because several investigators recommend 
resection of a large, thrombosed coronary aneurysm, 
whereas long-term anticoagulant therapy may be war- 
ranted for patients with smaller, nonthrombosed aneu- 
rysms.’ In this regard, it appears that the medical and 
surgical approaches for management of patients with 
coronary aneurysms have similar survival rates.’ 
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Influence of Right Bundle Branch Block on Short- 


and Long-Term 


Survival After Inferior Wall Q-Wave Myocardial Infarction 
François Ricou, MD, Pascal Nicod, MD, Elizabeth Gilpin, ms, Hartmut Henning, MD, 


and John Ross, Jr, MD 

ompared with acute anterior wall myocardial 
f infarction, acute inferior wall myocardial infarc- 
tion generally produces infarcts of smaller size 
resulting in less reduction of left ventricular ejection frac- 
tion and more favorable survival.!:2 However, subsets of 
patients with inferior myocardial infarction may be at 
high risk of death and may benefit from aggressive treat- 
ment including thrombolysis. Occurrence of atrioventric- 
ular or intraventricular block may identify patients with 
poor prognosis, and advanced atrioventricular block has 
been shown to be associated with an increased in-hospital 
but not long-term mortality compared to patients with- 
out such block.? Several studies have suggested that the 
occurrence of bundle branch block (BBB) in patients 
with myocardial infarction is also a marker of increased 
subsequent mortality*? but in these previous studies, 
because of the limited numbers of patients, patients with 
right and left BBB and those with anterior and inferior 
myocardial infarction were generally analyzed together. 
Furthermore, the impact of right BBB on long-term 
survival after inferior myocardial infarction is unknown. 
In this study, we analyzed the relation of right BBB to 
short- and long-term outcome in a large population of 
patients with inferior Q-wave myocardial infarction. 

A total of 1,634 patients, 1,249 men and 385 wom- 
en, aged 19 to 94 years (mean age + standard devi- 
ation: 60 + 11) who had inferior Q-wave myocardial 
infarction between 1979 and mid-1989 were included 
in this study. The diagnosis of inferior myocardial 
infarction was established by the presence of Q waves 
20.04 second in duration or a QS complex in the 
inferior leads (2 to 3, aVF), and at least 1 of the 
following: (1) chest pain considered characteristic of 
myocardial ischemia, and (2) elevation of total serum 
creatine kinase. Right BBB and atrioventricular 
blocks were defined using the usual electrocardio- 
graphic criteria.'° BBB was considered new if it was 
not apparent on a previous tracing, old if it had been 
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documented on previous tracings and of indetermi- 
nate age if no previous tracing was available. The 
methods used for data acquisition and storage have 
been detailed previously.!'\'? Left ventricular failure 
was defined by the presence of =2 of the following: S; 
gallop, bibasilar or higher pulmonary rales, and 
grade =2 pulmonary congestion on chest x-ray as 
previously described.'* Death was considered to be of 
cardiac origin when it occurred secondary to a new 
fatal myocardial infarction, extension of myocardial 
infarction, congestive heart failure, shock, cardiac 
procedure or cardiac surgery and when it was sudden. 
Only cardiac death will be considered in this study. 
One-year follow-up was 97% complete for patients 
discharged alive from the hospital. Continuous vari- 
ables were expressed as mean + standard deviation. 
Discrete variables were compared between groups us- 
ing chi-square analysis, whereas continuous variables 
were compared with the unpaired t test. Multivariate 
analyses (linear discrimination) were performed to 
assess the independent prognostic importance of right 
BBB.!4 

Of the 1,634 patients admitted with Q-wave inferi- 
or myocardial infarction, 110 had a right BBB docu- 
mented during their initial hospitalization and 1,489 
had no evidence of right BBB. Thirty-five patients had 
a left BBB and were not considered for analysis. Right 
BBB was new in 50 patients, old in 27 patients and of 
indeterminate age in 33. Clinical characteristics as- 
sessed during the period in the coronary care unit in 
patients with and without right BBB are listed in Ta- 
ble I. Patients with right BBB were older and more 
often had a history of previous myocardial infarction 
or cardiac failure than patients without right BBB. 
Signs of left ventricular failure during hospitalization 
were also more common. The incidence of first- 
(35%), second- (15%) and third- (15%) degree atrio- 
ventricular block in patients with right BBB was not 
significantly different from those without right BBB 
(Table I). Ejection fraction, measured in a subset of 
804 patients (54% of discharged patients), was not 
significantly different between the 2 groups (49 + 14 
vs 51 + 12%). 

In-hospital and 1-year postdischarge mortalities 
were significantly higher in patients with (11 and 
14%) than without (6 and 5%) right BBB (Table I, 
Figure 1). The in-hospital cardiac mortality was al- 
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TABLE I Clinical Characteristics of 1,599 Patients Admitted 
with Inferior Wall Q-Wave Myocardial Infarction 


Right Bundle Branch Block 


0 + 
(n = 1,489) (n= 110) 


History 


Age (years) 
Men (%) 


Previous myocardial infarction (%) 


Congestive heart failure (%) 


Angina (%) 


Physical examination 
Third heart sound (S3) (%) 
Bibasilar rales (%) 


Chest x-ray 


Pulmonary congestion (%) 


grade 22 


Left ventricular failure (%)* 
Atrioventricular blocks 
First degree (%) 
Second degree (%) 
Third degree (%) 


61412 
1,158 (78) 


295 (20) 
89 (6) 
457 (31) 


516 (35) 
849 (57) 


344 (24) 
523 (35) 
359 (24) 


216 (15) 
162 (11) 


67+11 
91 (83) 
38 (36) 
19 (17) 
47 (43) 


38 (35) 
74 (67) 


35 (32) 
53 (48) 
34 (31) 


16 (15) 
17 (15) 


49414 
(n = 46) 


51412 
(n = 758) 


LV ejection fraction (% + SD) 


Cardiac mortality 
in-hospital (%) 
1-year postdischarge (%) _ 
* p <0.05; **p <0.01; *** p <0.001. 
t Left ventricular failure is defined by 2 of the following: S3, bibasilar rales and 


pulmonary congestion grade > 2 on x-ray. 
SD = standard deviation. 


88 (6) 4 
60 (5) ee 


12 (11) 
13 (14) 





most the same for patients with the 3 types of right 
BBB (new, 5 of 50 [10%]; old, 3 of 27 [11%]; indetermi- 
nate age, 4 of 33 [12%] the 1-year postdischarge mor- 
tality was 6 of 42 (14.3%), 1 of 24 (4.2%) and 6 of 25 
(24%), respectively. This was significantly higher 
than in patients without right BBB only, and for pa- 
tients with new and indeterminate age right BBB (p 
<0.05 and p <0.001, respectively). The 1-year post- 
discharge mortality was higher in patients with than 


0 30 60 90 


—— RBBB 





TABLE IW In-Hospital and One-Year Cardiac Mortality in 110 
Patients with Inferior Wall Q-Wave Myocardial Infarction and 
Right Bundle Branch Block According to Presence or Absence 
of Various Clinical Factors 


Factors Present Absent 


In-hospital mortality 
Age >65 years (%) 


10/61 (16) 
6/38 (16) 
9 /53(17) 


2/48 (4) 
6/71 (8) 
3/56 (5) 


Prior myocardial infarction (%) 

Left ventricular failure (%)' 
One-year mortality 

Age >65 years (%) 

Prior myocardial infarction (%) 

Left ventricular failure (%)' 


8/48 (17) 
8/31 (26) 
8/42 (19) 


5/43 (12) 
5/60 (8) 
5/49 (10) 
* p <0.05. 


t Left ventricular failure is defined by =2 of the following: S3, bibasilar rales and 
pulmonary congestion grade 22 on x-ray. 





without right BBB in the absence (10.2 vs 2.7%; p 
<0.02) and presence (19 vs 8.7%; p = 0.057) of cardi- 
ac failure. In Table II, patients with right BBB*are 
separated according to age, and the presence or ab- 
sence of previous myocardial infarction or of clinical 
signs of cardiac failure during hospitalization. Pa- 
tients >65 years of age had a significantly higher in- 
hospital mortality and those with previous myocardi- 
al infarction had a significantly higher 1-year post- 
discharge mortality than patients without these 
factors. 

By multivariate analysis, the presence of right 
BBB was found to be an independent marker of in- 
creased 1-year postdischarge cardiac mortality (p 
<0.05) but not of in-hospital mortality when age, left 
ventricular failure and history of myocardial infarc- 
tion were entered. 

In this study involving a large population of patients 
with inferior Q-wave myocardial infarction, we found 
that patients with right BBB have a higher in-hospital 


FIGURE 1. Survival curve (Mantel-Cox) 

branch block (RBBB). Survival was signifi- 
cantly better in patients without than with 
RBBB (p <0.0001). 
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mortality than those without right BBB. However, right 
BBB was not found to be an independent marker of 
increased in-hospital mortality by multivariate analysis. 
We also found that 1-year postdischarge cardiac mortali- 
ty increased with right BBB, and this was found in pa- 
tients with and without signs of cardiac failure during the 
hospital stay. Multivariate analysis disclosed right BBB 
to be an independent marker of increased 1-year postdis- 
charge mortality. Thus, the presence of right BBB after 
inferior wall Q-wave myocardial infarction is associated 
with a higher risk of dying during the first year after 
discharge in the presence or absence of cardiac failure 
during hospitalization. 

The increased in-hospital mortality associated with 
right BBB found in this study confirms the results of 
previous studies.*? Patients with right BBB were found 
to be older and more often had a history of cardiac failure 
and previous myocardial infarction than patients without 
right BBB. The results of a multivariate analysis suggest- 
ed that right BBB is not an independent marker of in- 
hospital mortality when age and cardiac failure were 
entered. Comparison with previous studies is difficult 
because previously no distinction was made according to 
infarct type (Q-wave or non-Q-wave), location of myo- 
cardial infarction and type of BBB. Hindman et al,’ in a 
retrospective analysis, found a higher hospital mortality 
in 83 patients with inferior myocardial infarction associ- 
ated with either right or left BBB than in those without 
BBB (17 vs 9%, p <0.01), but specific analysis of pa- 
tients with inferior wall myocardial infarction and right 
BBB was not performed. On the other hand, Roos and 
Dunning’ in a review of published reports in 1978 found 
patients with right BBB to have an in-hospital mortality 
ranging from 51 to 71%, much higher than that found in 
this study, but they did not separate anterior from inferi- 
or wall myocardial infarction. In both studies, mortality 
was not different in patients with old, new or indetermi- 
nate age right BBB, as found in the present study. 

The influence of right BBB on long-term prognosis 
after inferior myocardial infarction has received much 
less attention than its effect on in-hospital mortality. We 
found a significantly increased 1-year postdischarge 
mortality in patients with than without right BBB (14 vs 
5% ). The reason for this increased mortality is not entire- 
ly clear but seems to be confined to patients with new or 
indeterminate age right BBB. The increased mortality 
was found both in patients with and without cardiac 
failure, and multivariate analysis disclosed right BBB to 
be an independent predictor of mortality during the first 
year after discharge. One possible cause of death would 
be the suddea development of third-degree atrioventricu- 
lar block. However, analysis of causes of death did not 


~~ disclose significantly more sudden deaths in patients with 


than without right BBB (46 vs 31%). Another explana- 
tion could be the presence of more extensive coronary 
artery disease involving the left coronary artery in pa- 
tients with right BBB. It has been shown that patients 
with inferior myocardial infarction often have multivessel 
disease.'> Thus, the presence of right BBB might be a 
marker of concomitant impairment of blood supply to 
the right bundle from the left anterior descending coro- 
nary artery. The low rate of coronary angiography in this 
database did not allow assessment of this hypothesis. 
Thus, further analyses are needed to define the reason for 
the increased mortality and to determine if these patients 
may benefit from a more aggressive approach including 
early coronary angiography. 

The incidence of third-degree atrioventricular block 
was not found to be statistically different in patients with 
than without right BBB (15 vs 11%). This finding was 
unexpected, because in patients with inferior myocardial 
infarction, third-degree atrioventricular block as well as 
right BBB is thought to be the result of an occlusion of 
the atrioventricular node artery. In-hospital mortality in 
patients with concomitant right BBB and third-degree 
atrioventricular block was not significantly different 
from that of patients with isolated third-degree atrioven- 
tricular block (29 vs 19%). However, because of the 
relative small number of patients with right BBB consid- 
ered in this study, the absence of statistical significance in 
some of our analyses could be due to a 8 error and should 
be taken with caution. 

In summary, after inferior wall Q-wave myocardial 
infarction, right BBB is associated with increased in- 
hospital and 1-year postdischarge mortality. The in- 
creased in-hospital mortality may reflect more extensive 
myocardial infarction and is associated with older age 
and more signs of left ventricular failure. Right BBB was 
not an independent predictor of in-hospital mortality. 
However, right BBB was found to be an independent 
factor for mortality during the 1-year postdischarge peri- 
od. Thus, patients discharged alive after inferior myocar- 
dial infarction complicated by new or indeterminate age 
right BBB are at higher risk of mortality and might 
benefit from approaches to prevent this excess mortality, 
including early coronary angiography. 
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Clinical Aspects of Silent Myocardial Ischemia in China 
Jian-Zhang Feng, MD, Xiu-Hua Feng, MD, Hai-Jie Li, MD, Mei Jia, MD, 


and Stephen P. Glasser, MD 


ince the recognition of silent myocardial ischemia, 

there has been controversy about its prevalence 

among different patient subgroups.!~* There has 
also been controversy over the frequency and diagnostic 
applicability of asymptomatic ST-segment depression 
found during ambulatory electrocardiographic monitor- 
ing. Also, few data exist on the occurrence of silent 
myocardial ischemia among different ethnic groups. This 
report describes the occurrence of ambulatory monitored 
ST-segment depression in a large group of Chinese sub- 
jects. 
The study group comprised 1,285 subjects who 
underwent ambulatory electrocardiographic monitor- 
ing and who were not receiving medications known to 
affect the ST segment. Group A comprised 251 con- 
secutive patients with a Q-wave myocardial infarction 
who survived =1 month after the acute event. Patients 
with electrocardiograms recorded at rest that pre- 
cluded accurate ST-segment analysis were excluded. 
Group B comprised 706 randomly selected patients 
with the diagnosis of chronic stable angina pectoris 
who also had normal electrocardiograms recorded at 
rest. Patients without all the typical features of angi- 
na pectoris were included if 21 of the following were 
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present: hyperlipidemia or an abnormal electrocar- 
diogram recorded at rest (that did not otherwise pre- 
clude ST-segment analysis), or both, or coronary an- 
giograms demonstrating 275% narrowing in diame- 
ter in 1 major artery. Group C, a comparison group of 
328 randomly selected, apparently clinically normal 
subjects, was also evaluated. They were athletes and 
subjects undergoing routine periodic health examina- 
tions and were carefully screened for the absence of 
symptoms and signs of coronary disease. All subjects 
underwent 24-hour dual-channel ambulatory electro- 
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cardiographic monitoring. Monitoring was performed y) 


with ICR-7200 recorders, and tapes were analyzed 
blindly with a Marquette series 8000 computerized 
system. Episodes of ST-segment depression were con- 
sidered present when there was horizontal or down- 
sloping ST-segment depression >0.1 mV that persist- 
ed for =1 minute and that was separated from the 
next event by 21 minute of nonischemic ST depres- 
sion. 

Table I lists the number of patients with episodes 
of ST-segment depression detected by ambulatory 
electrocardiographic monitoring. There were signifi- 
cantly more episodes in postinfarction patients than in 
the other patients with coronary artery disease. 

In group A (251 postinfarction patients), 579 epi- 
sodes of ischemia were detected by ambwlatory elec- 
trocardiographic monitoring, and 524 of the 579 epi- 
sodes were not associated with cheg#t pain (90.5%) 
(Table I). In group B, 610 episodes of ST depression 
were detected; 529 of the 610 episodes were asymp- 
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tomatic (86.7%). Postinfarction patients had a five- 
fold greater odds of silent myocardial ischemia than 
did clinically normal subjects. 

Ambulatory electrocardiographic monitoring and 
treadmill exercise testing, which were performed on 
the same day, demonstrated that patients had a lower 
heart rate at the onset of ST depression during ambu- 
latory electrocardiographic monitoring than that 
evoked by exercise testing. Also, the greater the am- 
bulatory electrocardiographic ST depression, the 
more likely it was to be related to symptoms; however, 
overlap was present. Most episodes occurred during 
daily activity (68%), and at relatively low work loads. 

In 82% of 524 episodes, asymptomatic ST-seg- 
ment depression totaled <60 min/24 hours. Interest- 
ingly, symptomatic episodes of ST-segment depres- 
sion tended to be longer than asymptomatic episodes 
but, as has been generally observed, pain lasted for 
only a short duration, compared with the total dura- 
tion of ST depression. 

In the 1970s, evidence accumulated as to the preva- 
lence and prognostic importance of silent myocardial 
ischemia. !-6 Silent myocardial ischemia has been report- 
ed in a number of races, but rarely in the Chinese. ”-8 This 
report is an analysis of 1,285 Chinese persons (251 post- 
infarction patients, 706 patients with chronic stable angi- 
na and 328 clinically normal control subjects) who un- 
derwent 24-hour ambulatory electrocardiographic moni- 
toring. 

The prevalence of silent myocardial ischemia in the 
251 postinfarction patients was 45.8%, whereas 23.9% of 
the 706 patients with angina had silent myocardial isch- 
emia. Only 2.7% of the 328 clinically normal subjects 
had ST-segment depression, meeting criteria for isch- 
emic change. The prevalence in the angina disease group 
was slightly lower than has been reported in other studies, 
whereas the prevalence in the postinfarction group was 
higher.? The false-positive rate (2.7%), however, was 
similar. 





TABLE I Prevalence and Frequency of Myocardial Ischemia 
Detected by 24-Hour Ambulatory Electrocardiographic 
Monitoring 


Episodes 
% per 
Silent Patient 


Myocardialinfarction(group!) 251 45.8 90.5 
Angina (group Il) 706 23.9 86.7 


Normal subjects (group III) 326 2.7 100 


ST = ST-segment depression. 


We found similarities in silent ischemia between our 
Chinese subjects and reports of other ethnic groups. The 
heart rate at the onset of ST depression during ambulato- 
ry electrocardiographic monitoring was lower than at the 
onset of ST depression seen during exercise testing. 
Greater ST depression during ambulatory electrocardio- 
graphic monitoring was related to symptoms, but overlap 
was present. Ischemia on ambulatory electrocardio- 
graphic monitoring occurred less frequently than during 
exercise testing. Finally, asymptomatic silent myocardial 
ischemia occurred during awake periods at relatively low 
work loads. 
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Contrast Enhancement of Doppler Signals by Sonicated Albumin for 
Estimating Right Ventricular Systolic Pressure 


Shintaro Beppu, MD, Kazuaki Tanabe, MD, Tomoaki Shimizu, MD, Fuminobu Ishikura, MD, 
Satoshi Nakatani, MD, Akihiro Terasawa, MD, Hisao Matsuda, MD, and Kunio Miyatake, MD 


valve, which is right ventricular (RV) systolic 
pressure minus right atrial pressure, can be calcu- 
lated from the peak velocity of the tricuspid regurgitant 
jet.! If tricuspid regurgitation is trivial, adequate signals 
for measurement cannot be obtained. In such cases, 
hand-agitated saline contrast techniques have been used 
to enhance the Doppler signals.*-> Recently, sonicated 
albumin has been recommended as a contrast agent, 
because its microbubbles are the smallest among the 
various agents. This study compares the feasibility of 
using hand-agitated saline and sonicated albumin as a 
contrast agent to enhance the Doppler signals of trivial 
tricuspid regurgitation. 
Of 240 patients who underwent cardiac catheter- 
ization and Doppler study, 20 patients with minor 


T he systolic pressure gradient across a tricuspid 
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control 


FIGURE 1. Effect of contrast enhancement of continuous 


saline 


tricuspid regurgitation were selected for the present 
study: 7 men and 13 women, aged 32 to 66 years 
(mean 47). The basal cardiac diseases were mitral 
stenosis in 10, pulmonary thromboembolism in 2, pri- 
mary pulmonary hypertension in 1, atrial septal de- 
fect in 2, ventricular septal defect in 2 and dilated 
cardiomyopathy in 3. Cardiac catheterization was 
performed within 5 days of Doppler examination. 
The systolic pressure gradient between the right ven- 
tricle and the right atrium, measured during cardiac 
catheterization, ranged from 22 to 95 mm Hg. 

Doppler studies were performed using a combined 
2-dimensional and Doppler ultrasonograph with a 
2.5-MHz transducer (Toshiba SSH-160A). Continu- 
ous-wave Doppler signals were recorded to direct the 
Doppler beam at the site of tricuspid regurgitation 
with the assistance of the color Doppler mode, and the 
systolic pressure gradient between the right ventricle 
and the right atrium was calculated using the modi- 
fied Bernoulli equation. 

Two kinds of contrast agents were examined: 
hand-agitated physiologic saline and sonicated 5% 
human albumin. Hand agitation was performed = 30 


albumin 





Doppler signal of trivial tricuspid regurgitation. Before injection of con- — 


trast solution, tricuspid regurgitant signal is not recorded (left). After injection of hand-agitated saline, signal is enhanced, but 
peak velocity profile is fishbone-like in its roughness (middle). After injection of sonicated albumin, enhanced signal is fine and 


smooth (right). 
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times, with 2 syringes mounted on a 3-way stopcock. 
Sonication was performed with a sonifier 250 ( Bran- 
son, Inc.) with frequency of 20 KHz, 20 W for 30 
seconds. Two to 4 ml of either contrast agent was 
injected at least twice into an antecubital vein via a 20- 
gauge needle. 

In all patients, tricuspid regurgitation was trivial 
and the peak velocity of the tricuspid regurgitant jet 
could not be recorded by the continuous Doppler 
method, even at high gain (Figure 1). The transtricus- 
pid pressure gradients calculated from the roughly 
estimated peak velocity were markedly below the 
measured value obtained by catheterization in all pa- 
tients (Figure 2). 

After the injection of hand-agitated saline, Dopp- 
ler signals were enhanced. However, they were noisy 
with a rough velocity profile, remaining inadequate 
for gradient estimation (Figure 1). The pressure gra- 
dients tended to underestimate the measured value 
provided by catheterization (Figure 2). However, af- 
ter the injection of sonicated albumin, the velocity 
profile on the continuous Doppler recording was very 
smooth and the peak velocity could be easily identi- 
fied (Figure 1). The calculated pressure gradients 
were close to the value obtained by catheterization 
(Figure 2). 

The error of estimation with sonicated albumin 
was 6.4 + 7.7 mm Hg (mean + standard deviation), 
whereas that with hand-agitated saline was 13.1 + 
12.8 mm Hg. The difference was statistically sig- 
nificant. 

RV systolic pressure, or systolic transtricuspid pres- 
sure gradient to be exact, can be estimated noninvasively 
from the peak velocity of the tricuspid regurgitant jet by 
Doppler echocardiography. However, in most cases of 
trivial tricuspid regurgitation, the velocity profile cannot 
be recorded clearly. In such cases, contrast enhancement 
of the Doppler signals is useful.*-> Beard and Byrd* and 
Himelman et al? reported on the usefulness of the agitat- 
ed saline contrast enhancement Doppler method in esti- 
mating pulmonary artery pressure. 

Hand agitation is an easy method of making micro- 
bubbles, and physiologic saline is not a specific agent. 
Therefore, contrast enhancement of Doppler signals by 
hand-agitated saline is very useful clinically. However, as 
shown in the present study, the enhanced signals are 
somewhat noisy and the velocity profile is fishbone-like in 
its roughness. In contrast, the sonicated albumin provides 
a clear envelope of the Doppler signal of tricuspid regur- 


- gitation. The difference in enhanced features between the 


2 agents apfiears to be attributable to the size and num- 
ber of microbubbles. The microbubbles in the hand- 
agitated saline are relatively larger and not as numerous.°® 
On the other hand, sonicated 5% human albumin has 
numerous small microbubbles, approximately 5 to 10 um 
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FIGURE 2. Comparison of calculated pressure gradient by 
Doppler method before and after contrast enhancement. Tri- 
angles indicate control value before enhancement; open cir- 
cles, value after hand-agitated saline injection; closed circles, 
value after sonicated albumin; the value is very near that mea- 
sured by the catheter. 


in diameter,° and has already been used safely in myo- 
cardial contrast echocardiography.”8 

Nevertheless, the transtricuspid pressure gradient 
was underestimated by approximately 10%, even with 
sonicated albumin contrast enhancement. The reasons 
may be: (1) Doppler examination was not performed 
simultaneously with cardiac catheterization. (2) The 
simplified Bernoulli equation neglects 2 components: 
flow acceleration and viscous friction. The flow accelera- 
tion is naturally zero at the peak velocity. However, if the 
regurgitant orifice is extremely narrow, viscous friction 
cannot be neglected. (3) The incident angle between the 
ultrasound beam and the direction of the tricuspid regur- 
gitant jet was not considered in the present study. The 
calculated value is underestimated when the ultrasound 
beam is not parallel to the flow direction. 

We conclude that sonicated albumin is superior to 
hand-agitated saline as an enhancer of Doppler signals, 
from the viewpoint of a fine and clear demonstration of 
the velocity envelope of tricuspid regurgitation. Conse- 
quently, the calculated pressure gradient is approximate 
to the actual pressure gradient. 
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Effects of Intravenous Diltiazem on Rapid Atrial Fibrillation 
Accompanied by Congestive Heart Failure 


J. Thomas Heywood, MD, Bruce Graham, MD, Gary E. Marais, MD, and Kenneth R. Jutzy, MD 


igoxin has long been the standard means for 

controlling the ventricular response in patients 

with rapid atrial fibrillation (AF).! This is par- 
ticularly true because its positive inotropic effects permit 
use without regard to left ventricular systolic function. 
Even when intravenous preparations of digoxin are ad- 
ministered, several hours elapse before a clinically signifi- 
cant reduction in heart rate is achieved. Intravenous dilti- 
azem has been shown to slow AF quickly.* Although 
diltiazem has been used in patients with significant left 
ventricular dysfunction,’ there is still concern about its 
use in patients with decompensated congestive heart fail- 
ure (CHF).4 Can diltiazem rapidly control the heart rate 
in such patients without further impairing left ventricular 
function? To answer this question, we administered in- 
travenous diltiazem to 9 patients with rapid AF and 
acute, symptomatic CHF. 

The protocol was reviewed and approved by the 
Institutional Review Board at Jerry L. Pettis Veterans 
Administration Hospital and Loma Linda University 
Medical Center. All patients were initially seen in the 
emergency room or in the cardiac intensive care unit. 
Patients were evaluated for the study using the fol- 
lowing criteria: age >18 years, AF with a ventricular 
response of 2120 beats/min, and evidence of CHF 
(jugular venous pressure =10 cm of water, rales, an 
S; gallop rhythm, or roentgenographic evidence of 
pulmonary venous congestion and cardiomegaly). 
Exclusion criteria included: clinical instability de- 
fined as a systolic blood pressure $90 mm Hg, partial 
pressure of oxygen <45 mm Hg on room air, myocar- 
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dial infarction within the last 6 months, bleeding di- 
athesis, and administration of calcium antagonists or 
B antagonists within the preceding 24 hours. The 
study's purpose, procedures and potential risks and 
benefits were explained and written consent was ob- 
tained. Nine men (mean age + standard deviation 68 
+ 9 years, range 56 to 80) comprised the study group. 

Patients were transferred to the coronary care unit 
after informed consent was obtained. A pulmonary 
artery catheter was inserted through the internal jug- 
ular vein. After placement of the catheter, 15 to 30 
minutes were allowed to elapse to permit the hemody- 
namic functions to return to baseline. The system was 
electronically calibrated with the transducer at the 
midchest level. Two baseline measurements, 5 to 10 
minutes apart, were obtained of the following param- 
eters: heart rate, cuff blood pressure, right atrial pres- 
sure, pulmonary artery systolic and diastolic pres- 
sures, and pulmonary artery wedge pressure. Heart 
rate was determined from a 1-minute rhythm strip. 
Cardiac output was determined in triplicate using the 
thermodilution method and the results averaged. 
When there was >10% variation in these parameters, 
a third set of baseline measurements was obtained and 
the 3 values averaged. Diltiazem, 0.25 mg/kg, was 
then infused over 2 minutes into a peripheral vein. 
Blood pressure, heart rate and hemodynamic mea- 
surements including cardiac output were repeated at 
5-, 15- and 30-minute intervals. If the heart rate did 
not decline by 10% after the first infusion of diltia- 
zem, a second infusion of 0.30 mg/kg was given after 
30 minutes. The patients were observed for several 
hours after the infusion to detect clinical 8r hemody- 
namic deterioration. No complications resulted from 
placement of the pulmonary artery catheter. 

The study protocol ended after obtaining the 30- 
minute hemodynamic parameters. After completion 
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TABLE I Systemic Effects of Intravenous Diltiazem 


Heart 
Rate Systolic BP 
(beats /min) (mm Hg) 
Age Etiology of EF 
Pt. (yr) CHF (%) Pre Post Pre 


CAD 

CAD 

HHD 

HHD 
Thyrotoxicosis 
Acute MR 
Hemosiderosis 
Unknown 
Unknown 


136 
128 96 
128 99 
145 81 
158 158 
151 139 
152 127 
152 131 
127 87 


142412 114426 133418 
0.0015 0.02 
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14+4 54410 498 


0.0004 


Cardiac Stroke 
Diastolic BP Output Volume 
(mm Hg) (liters /min) (ml /beat) 
Post Pre Post Pre Post Pre Post 
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114417 90412 77413 


0.03 


4742.1 5042.2 
0.002 


33413 43415 
0.001 


SVR 
(dynes scm~°) 


PVR 
(dynes s cm~°) 


Post 


1,838 + 842 
0.02 


14644695 157 +154 


NS 


123 + 103 


NS = not significant; PADP = pulmonary artery diastolic pressure; PASP = pulmonary artery systolic pressure; PAWP = pulmonary artery wedge pressure; PVR = pulmonary 
vascular resistance; RAP = right atrial pressure; SVR = systemic vascular resistance. 


of the protocol, standard therapy such as digoxin, 
diuretics or afterload reduction was administered to 
reduce heart rate and treat heart failure. Appropriate 
tests were done to determine the etiology of CHF in 
each patient. During the convalescent period, radionu- 
clide angiography or echocardiography was per- 
formed for determination of ejection fraction. 

Pretreatment hemodynamic parameters were com- 
pared with measurements taken at the nadir of the 
heart rate response to the drug infusion. Because the 
patients had AF, there was considerable beat-to-beat 
variation in the hemodynamic parameters. To com- 
pensate for this, the pressure measurements from 25 
consecutive cardiac cycles were averaged to obtain a 
representative value. These were compared using a 
paired, 2-tailed Student's t test. 

The etiologies of both AF and CHF in the patients 
studied wêre diverse (Table I). The mean dose of 
diltiazem administered was 25 + 10 mg (range of 18 
to 50). Only i patient, later found to be thyrotoxic, 
required a second infusion (patient 4). The nadir of 
the heart rate response for the group occurred at an 





average of 11 minutes, although the median response 
was at 5 minutes. No patient deteriorated clinically 
during or immediately after the diltiazem infusion. 
Eight of the 9 patients had a decline in heart rate with 
diltiazem. 

The administration of intravenous diltiazem pro- 
duced a rapid reduction in the mean ventricular re- 
sponse, from 142 to 114 beats/min (p = 0.0015) (Ta- 
ble I). There was also a significant reduction in sys- 
temic blood pressure, pulmonary artery systolic 
pressure and systemic vascular resistance, whereas 
cardiac output and stroke volume increased. Pulmo- 
nary capillary wedge and right atrial pressures did 
not change (Table II). 

In this study intravenous diltiazem caused a rapid and 
significant reduction in heart rate in 8 of 9 patients 
treated. Although all patients had acute CHF, none dete- 
riorated clinically and most had hemodynamic improve- 
ment. 

Calcium channel antagonists have achieved wide- 
spread acceptance in the treatment of supraventricular 
arrhythmias. These agents impede conduction across 
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the atrioventricular node and can terminate paroxysmal 
supraventricular tachycardia. Both verapamil and dilti- 
azem have been shown to reduce the ventricular response 
of AF when administered either orally or intravenous- 
ly.278 

The role of calcium channel antagonists in patients 
with CHF remains controversial.* Verapamil, despite its 
negative inotropic effects,’ appears to be well tolerated 
when ventricular function is normal or only mildly re- 
duced. However, when there is marked left ventricular 
dysfunction, verapamil can cause hemodynamic deterio- 
ration. !° 

Diltiazem also has negative inotropic effects but these 
are less pronounced than verapamil.’ Diltiazem has been 
given by several groups to patients with severely de- 
pressed left ventricular function without adverse effects 
on ventricular function.? On the other hand, the Multi- 
center Diltiazem Post-Infarction Trial demonstrated an 
increased long-term mortality when diltiazem was ad- 
ministered to postinfarction patients with pulmonary vas- 
cular congestion.!! However, an increase in mortality 
was not found when diltiazem was given to patients with 
equally severe reductions in left ventricular function who 
had not recently had a myocardial infarction. !? 

Intravenous diltiazem controls the ventricular re- 
sponse in patients with uncontrolled AF. If rapid control 
of the heart rate is deemed necessary or useful, this agent 
may be particularly useful when left ventricular function 
is significantly impaired or clinical signs of CHF are 
present. Short-term administration does not appear to be 
detrimental and is well tolerated, probably because after- 
load is reduced, compensating for its negative inotropic 
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effects. The present study is limited because only 9 pa- 
tients were evaluated. More conclusive evidence about 
the safety and efficacy of intravenous diltiazem in pa- 
tients with AF and CHF will have to await the conclu- 
sion of larger trials that are currently underway. 
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Frequency of Supraventricular Tachyarrhythmias in Arrhythmogenic 


Right Ventricular Dysplasia 


Joelci L. Tonet, MD, Reynaldo Castro-Miranda, MD, Toru Iwa, MD, François Poulain, MD, Robert Frank, 


MD, and Guy H. Fontaine, MD 


mias in patients with arrhythmogenic right ven- 

tricular dysplasia (ARVD) is unknown.!-5 We 
report on 72 consecutive patients with the diagnosis of 
ARVD studied at Jean Rostand Hospital. 

All patients were referred for ventricular arrhyth- 
mias (sustained ventricular tachycardia in 56, non- 
sustained ventricular tachycardia in 4, ventricular fi- 
brillation in 6 and premature ventricular beats in 6). 
This series consisted of 55 men and 17 women aged 16 
to 73 years (mean 38). Sixty-six patients (92%) were 
taking antiarrhythmic drugs (class I, II or III, or a 
combination) at the first evaluation or during the fol- 
low-up. Sixty-eight patients had coronary angiogra- 
phy with left and right ventriculography; changes sug- 
gesting the diagnosis of ARVD were observed in 62 
patients. In 3 other patients the diagnosis was suggest- 
ed by echocardiography, in 3 patients by nuclear mag- 
netic resonance imaging and in the remaining 4 pa- 
tients by radionuclide angiocardiography. The mean 
hospitalization time was 15 days and mean follow-up 
was 42 months (range 1 to 147) (n = 63 patients). 

Twenty-two sustained atrial tachyarrhythmias 
were diagnosed in 17 patients (24%); there were 7 
atrial tachycardias, 5 atrial flutters and 10 atrial 
fibrillations. Four tachyarrhythmias were permanent 
and the others were paroxysmal. The diagnosis was 
made by standard electrocardiogram in 14 patients 
and by Holter monitoring in the other 3. Almost all 
patients with paroxysmal atrial tachyarrhythmias 
were taking antiarrhythmic drugs (11 of 13, 85%). In 
3 patients, the diagnosis of atrial tachyarrhythmia 
was made before the diagnosis of ventricular ar- 
rhythmia. 

When performed, electrical programmed stimula- 
tion confirmed the atrial vulnerability of these pa- 
tients by induction of the atrial arrhythmia. The 
electrocardiogram with sinus rhythm showed sinus P- 
wave changes reflecting a right atrial abnormality in 


T he incidence of supraventricular tachyarrhyth- 
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patients both with and without atrial arrhythmias. 
There was no relation between the kind of ventricular 
arrhythmia and the presence or absence of a supra- 
ventricular tachyarrhythmia. 

In this retrospective study, echocardiography was 
performed in 51 of the 72 patients. Twelve of the 17 
patients with atrial tachyarrhythmias had an echocardio- 
gram. Five (42%) had an enlarged right atrium and 1 
also had tricuspid insufficiency. On the other hand, 6 of 
the 55 patients without atrial arrhythmias had a dilated 
right atrium (6 of 39 echocardiograms, 15%); 2 of them 
also had a tricuspid insufficiency. All 6 of these patients 
had been taking antiarrhythmic drugs including amio- 
darone. 

In 3 patients with atrial tachyarrhythmias, the left 
atrium was also moderately dilated (left atrium dimen- 
sions 40, 43 and 45 mm). The right ventricle was en- 
larged in all these patients and 2 of them also had right 
atrial dilatation (1 confirmed at surgery). 

The left ventricle was abnormal in 4 patients; only 1 
of them had an atrial arrhythmia with normal left atrial 
dimension measured by echocardiography. 

Three patients also had coronary artery disease but 
only | had coronary stenosis >70% in diameter. None of 
these patients had atrial tachycardias. 

Supraventricular tachyarrhythmias occur often in pa- 
tients with ARVD, even in those treated with antiar- 
rhythmic therapy. An enlarged right atrium or right 
atrial abnormality, or both, may play an important role 
in the mechanism, incidence and determinants of atrial 
tachyarrhythmias in ARVD. 
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Twenty-Four-Hour Spectral Analysis of Heart Rate Variability in 
Congestive Heart Failure Secondary to Coronary Artery Disease 


Giancarlo Casolo, MD, PhD, Enrico Balli, MD, Antonio Fazi, MD, Cesare Gori, MS, Angelo Freni, MS, 


and Gianfranco Gensini, MD 


time and that this variation is closely related to 

changes in the neural activity to the heart. -+ There- 
fore, HR variability represents a noninvasive parameter 
for studying the autonomic control to the heart. Recent- 
ly, it has been shown that HR variability is a powerful 
independent prognostic factor in patients with coronary 
artery disease? and a low HR variability count has been 
found to be related to sudden death.* Spectrum analysis 
of HR may provide further information, since HR vari- 
ability possesses 2 major components that have been 
shown to relate to different patterns of neural control 
to the heart.56 Patients with congestive heart failure 
(CHF) have a complex abnormality of the autonomic 
control to the heart’ that also affects some HR charac- 
teristics. These abnormalities may be determined either 
by a selective reduction of the vagal outflow to the heart 
or by a more complex abnormality. This investigation 
was undertaken to evaluate the components of HR vari- 
ability in normal persons and patients with CHF, and 
their 24-hour behavior. 

Fifteen normal volunteers (10 men and 5 women, 
mean age + standard deviation 61 + 11 years [range 
39 to 65) were selected from among our hospital staff 
and students as control subjects. A careful clini- 
cal examination, resting electrocardiogram, treadmill 
test and 2-dimensional echocardiography did not 
show any significant abnormality in these subjects. 
We also selected 15 patients with CHF (12 men and 3 
women, mean age 64 + 9 years, range 35 to 71), all 
with prior myocardial infarction. The etiology of 
CHF was established to be coronary artery disease in 
all patients on the basis of the clinical history, physi- 
cal examination, electrocardiogram, 2-dimensional 
echocardiography and left-sided cardiac catheteriza- 
tion. All subjects underwent 24-hour electrocardio- 
graphic monitoring. CHF was defined as >6 months 
of exertional dyspnea or fatigue, presence of a dilated 
left ventricle at 2-dimensional echocardiography, and 
a radionuclide-determined ejection fraction at rest 


J t is well known that heart rate (HR) fluctuates in 
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<30%. None of the patients had arterial hypertension 
or had undergone heart surgery. Diabetic patients 
were not included in the study. No patient had ever 
had thyroid gland disease or had taken amiodarone. 
All the subjects were in sinus rhythm or had <15 
premature beats per hour. Thirteen patients were in 
New York Heart Association functional class II to III 
and 2 were in class IV. None were required to rest in 
bed and, with the exception of the severely ill patients, 
all were free to perform moderate physical activity. 
No patient had had a myocardial infarction in the 6 
months before the study and none had angina at the 
time of the study. Also, at the time of the study, no 
patient was taking digitalis, 12 patients were taking 
diuretics and 10 were taking nitrates. Therapy was not 
discontinued in these patients. 

Holter monitoring was performed by using 2- 
channel Del Mar Avionics tape recorders. For the 
purposes of this study, we connected a 660B Del Mar 
Avionics display unit to an analog digital converter 
designed to sample the RR interval series at 2 MHz 
(temporal resolution = 5 us). The 24-hour RR series 
were then collected at a speed 60 times greater than 
real time and loaded on a personal computer (RAM = 
1 Mb). To prevent the processing of artifacts, the 
quality of the signal was checked by visual inspection 
on the computer while sampling the RR intervals. 
Besides HR, HR standard deviation and the HR vari- 
ability histogram, the computer program allowed 
performance of spectral analysis of HR by using a 
fast Fourier transform method based on a windowed 
periodogram technique.’ The time domain chosen in 
this study was a 1,024 point data series. Power spec- 
tral density was expressed in ms?/cycle/beat. In each 
subject spectral analysis was performed on time series 
of RR intervals not presenting sudden changes of HR 
or artifacts. This process was repeated every hour of 
the 24-hour recording period in all subjects. Two ma- 
jor peaks were identified in the spectra: a low-fre- 
quency component centered around 0.04 to 0.12 Hz 
and a high-frequency peak centered around the respi- 
ratory frequency (usually 0.22 to 0.32 Hz) (Figure 1). 
Based on previous investigations, these®frequency 
bands were chosen as the significant ones. Very low 
frequency components (<0.03 Hz) havé also been de- 
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FIGURE 1. Spectral analysis of heart rate in a normal subject 
during daytime (A) and nighttime (B). In the normal subject, 
the high-frequency component of the spectrum increases sig- 
nificantly at night, while the low-frequency peak does not 
change significantly. b = beat; c = cycle; Eq = equivalent. 


scribed but are less studied and their physiologic 
meaning is still not clear. Therefore, these compo- 
nents were not considered in this study. For each cal- 
culation we evaluated the mean HR, HR variance, 
and both the absolute and the fractional power of the 
2 HR spectral components. Data from spectra with no 
evident peaks were obtained by measuring the integral 
of the bandwidths of interest. We also calculated the 
low-frequéncy/high-frequency ratio that is thought to 


_ reflect the net sympathetic weight to HR variability. 


Comparisons *between patients and control subjects 


TABLE I Heart Rate Data in Control Subjects and Patients 
with Congestive Heart Failure 


24- 
Hour 
(beats / 
min) 


72.1 539 230 44 77 15 

+ 13* + 98* + 180* +21t +48* +12% 

CHF 85 98 22 35 5 4 
group +8 +11 +16 +15 +6 +5 


* p <0.001; t p <0.05; * p <0.01. 

AU = absolute units, mean + standard deviation; CHF = congestive heart failure; 
HF = high-frequency spectral component; LF = low-frequency spectral component; 
24-Hour = 24-hour heart rate (beats per minute), mean + standard deviation; 24- 
Hour VAR = 24-hour heart rate variance, mean + standard deviation; % = mean + 
standard deviation of the fractional power. 


Controls 





for HR, HR variance and HR spectral values were 
performed by Student t test for unpaired data. A 24- 
hour curve was obtained for both the absolute and 
relative value of the 2 components of the spectra for 
the 2 groups of subjects examined. Differences within 
and between the 2 groups were analyzed by using the 
analysis of variance. The minimal level of significance 
accepted was p <0.05. Data were also analyzed by 2 
different operators. Interobserver and intraobserver 
variability for HR spectral analysis was 5 and 6% in 
patients with CHF, and 12 and 9% in control subjects. 
No significant difference in spectral composition was 
found in 8 patients undergoing a second Holter re- 
cording within 7 days. The results obtained are sum- 
marized in Tables I and II. 

Normal persons had significantly lower mean 24- 
hour HR values and greater HR variance than pa- 
tients with CHF over 24-hour (539 + 98 vs 98 + 11 
ms’, p <0.001) (Table I) and 6-hour intervals (Table 
II). Spectral analysis in control subjects showed a 
low-frequency component (0.04 to 0.12 Hz/eq) and a 
high-frequency peak (0.22 to 0.32 Hz/eq). There were 
wide hourly and individual variations in the low-fre- 
quency domain, and a clear 24-hour oscillation was 
not observed. On the contrary, the high-frequency 
bandwidth showed a distinct 24-hour variation ( Table 
II). Because of the very low HR variation, it was often 
very difficult to measure a detectable absolute power 
in both the low- and high-frequency domains in pa- 
tients with CHF (Figures 2 and 3). No 24-hour varia- 
tion was observed for both spectral components ( Fig- 
ures 4 and 5). 

The 24-hour fractional power in the low-frequency 
bandwidth did not differ from that obtained in control 
subjects. On the other hand, the fractional power of 
the high-frequency component was significantly lower 
than that in control subjects (p <0.001). The low- 
frequency/high-frequency ratio did not show a signifi- 
cant 24-hour variation and was significantly higher 
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TABLE Il Comparison of Heart Rate Variability Data Between Control Subjects and Patients with Congestive Heart Failure, by 
Dividing the Day in Four Time Periods 


567 + 294 98 + 21 245 + 205 


475+ 281 102+15 196 + 143 


491 + 248 87+12 236+ 195 


659 + 315 105+ 18 243 + 204 


* p <0.001; t p <0.005. 


LF /HFr 


20 + 26 
15+ 20 
15+19 


1119 


C = control subjects; CHF = patients with congestive heart failure; HF = mean + standard deviation of the high-frequency component (ms? / cycles /beat); LF = mean + standard 
deviation of the low-frequency component (ms?/cycles /beat); LF /HFr = mean + standard deviation of the low-frequency /high-frequency ratio; NS = not significant; VAR = mean 


+ standard deviation of the heart rate variance (ms°). 


than that in control subjects only for some hours of 
the day (Table II). 

This study confirms that HR variability is greatly 
reduced in patients with CHF and shows that this reduc- 
tion affects all the spectral components. These findings 
are constant throughout the day and are strikingly abnor- 
mal compared with findings in normal subjects. The 
spectral composition of the residual HR variability ob- 
served in patients with CHF was significantly different 
from that found in normal persons only for the high- 
frequency components because it showed a selective de- 
crease of this component. These results are not dependent 
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FIGURE 2. Spectral analysis of heart rate in a patient with 
congestive heart failure. Note that the use of a vertical scale 
comparable to that used in normal subjects does not allow the 
recognition of any clear component. By using a scale 10 times 
smaller, the 2 main bandwidths of interest are seen. Abbrevia- 
tions as in Figure 1. 
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on age since patients and control subjects had similar 
characteristics. Also, our data in CHF were obtained 
from patients not receiving digitalis. We found that, in 
normal subjects, spectral composition of HR varies in 
time. In fact, whereas low frequencies are more pro- 
nounced during the day, high-frequency components are 
mostly evident at night. However, in absolute terms, the 
low-frequency component remained almost unchanged 
during 24 hours, whereas at night we observed a selective 
increase of the high frequencies. 

In this study, we did not find evidence for increased 
sympathetic neural activity to the heart in patients with 
CHF because the low-frequency component was almost 
absent in all the patients studied. We observed a relative 
prevalence of the low-frequency components during 
some hours of the day that were significantly higher than 
in control subjects. This indicates that the sympathetic 
neural activity to the heart in CHF is impaired both 
quantitatively and qualitatively. Indeed, compared with 
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FIGURE 3. Mean and standard deviation 24-hour value of the 
low- (LF) and high-frequency (HF) components in sormal per- 
sons (white bar) and in patients with congestive heart failure 

(CHF) (black bar). * p <0.001; other abbreviations as in Fig- 

ure 1. i 
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control subjects, sympathetic activity is decreased in ab- 
solute terms but seems to be increased, at least for some 
hours, when considering the residual HR variability. 
However, in absolute terms we observed an almost 10- 
fold decrease of HR variability in CHF at all the spectral 
frequencies analyzed with respect to normal persons. 
Both absolute and fractional power in the high-frequency 
domain were greatly reduced compared with control sub- 
jects, confirming previous observations on decreased va- 
gal activity in the decompensated heart.!° Therefore, HR 
variability in CHF is equally decreased at all the frequen- 
cies associated with the neural activity to the heart. These 
data suggest a severe impairment of the neural control to 
the heart in CHF involving both sympathetic and para- 
sympathetic activity. Our results are similar to those 
obtained in transplanted hearts!! and in diabetic patients 
with autonomic neuropathy. !? 


FIGURE 4. Twenty-four-hour variation of 
the low-frequency component in control 


a 
subjects (white squares) and patients with | 25 _ 
congestive heart failure (CHF) (dark = 25 
squares). Each point is the mean hourly got. 
value + standard deviation. All points are ae: 
significantly different at p <0.001. Abbre- ze ~ 
viations as in Figure 1. S 


FIGURE 5. Twenty-four-hour variation of 
the high-frequency peak in control sub- 
jects (white squares) and patients with 
congestive heart failure (CHF) (dark 


NENT 
c/b) 


age / . 


significantly different at p <0.001. Other 
abbreviations as in Figure 1. 
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A well-known feature of CHF hearts is decreased 
catecholamine stores. This alteration is also found in 
denervated hearts. Despite an increased adrenergic activ- 
ity, patients with CHF have severe HR abnormalities 
that can be attributed to a defective reflex sympathetic 
control.!? All these observations may indicate that pa- 
tients with CHF may appear to have cardiac denerva- 
tion. However, although considered of primary impor- 
tance in Chagas’ cardiomyopathy, cardiac denervation 
has not been consistently observed in other forms of heart 
failure.'* It is well known that the failing heart becomes 
increasingly dependent on circulating catecholamines for 
the maintenance of cardiac function. This is also associ- 
ated with a reduced -adrenergic receptor density in the 
heart and an impaired response to 6-adrenergic stimula- 
tion.'> It may be hypothesized that an increased overall 
sympathetic activity promoted by left ventricular dys- 


18 21 24 
hour of the day 


hour of the day 
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function determines the loss of the neural regulation of 
the heart beat. This may explain the simultaneous evi- 
dence of increased adrenergic drive and signs of sympa- 
thetic dysfunction on the sinus node. A major role may be 
played by increased plasma catecholamine levels acting 
both at a central level, by eliciting a maximal adrenergic 
stimulation, and at the peripheral cardiac sympathetic 
receptors site, by determining a reduced neural sympa- 
thetic responsiveness. However, further studies are need- 
ed to investigate this hypothesis. In conclusion, decreased 
HR variability in CHF is associated with the virtual 
absence of any spectral component. 
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Coronary Neovascularization as a Specific Sign for Left Atrial 
Appendage Thrombus in Mitral Stenosis 


Morgan Fu, MD, Jui-Sung Hung, MD, Ching-Ben Lee, MD, Wen-Jin Cherng, MD, 
Cheng-Wen Chiang, MD, Fun-Chung Lin, MD, and Delon Wu, MD 


eft atrial (LA) thrombus is a frequent complica- 

tion of mitral valve disease.':? Transthoracic 2- 

dimensional echocardiography, a safe noninva- 
sive test, allows serial follow-up examinations of patients 
and is therefore the choice diagnostic technique for de- 
tecting LA thrombi. Although 2-dimensional echocardi- 
ography has a sensitivity of 75 to 78% and a specificity of 
99 to 100% in detecting LA cavity thrombi, it is insensi- 
tive in detecting thrombi in the LA appendage.'? The 
recently introduced transesophageal echocardiographic 
method readily visualizes thrombi in the LA appendage? 
and, thus, may complement the traditional transthoracic 
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2-dimensional echocardiographic examination. How- 
ever, transesophageal transducers are not widely avail- 
able at present, and their diagnostic sensitivity and speci- 
ficity have been reported in a limited number of pa- 
tients.° 

Standen,* using selective coronary angiography in 
1975, described “tumor vascularity” with abnormal ves- 
sels arising from the left circumflex artery to the left 
atrium in a patient with severe mitral stenosis. An LA 
thrombus was found at surgery. Colman et al,° in a 
retrospective study of a large number of patients with 
mitral valve disease, showed coronary neovascularization 
with fistula formation as a specific sign for the presence 
of LA thrombi. To define their diagnostic usefulness for 
detecting LA thrombi, we performed both coronary an- 
giography and 2-dimensional echocardiography before 
mitral valve surgery in patients with severe rheumatic 
mitral stenosis. A 
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TABLE I Correlation of Two-Dimensional Echocardiograms 
and Angiograms with Surgical Findings of Left Atrial Thrombus 


Thrombus (+) 
(n = 33) 


Thrombus (—) 
(n = 42) 


Echo (+) (n = 21) 
(—) (n = 54) 
Angio (+) (n = 20) 
(—)(n = 55) 
Combined 
Echo (+) /angio (—) (n = 11) 
Echo (—) /angio (+) (n = 10) 
Echo (+) /angio (+) (n = 10) 
Echo (—) /angio (—) (n = 44) 
Angio (+) = coronary neovascularization present; Angio (—) = coronary neovascu- 
larization absent. Echo (+) = positive echocardiographic finding of thrombus; Echo 


(—) = negative echocardiographic finding of thrombus; Thrombus (+) = thrombus 
present at surgery; Thrombus (—) = thrombus absent at surgery. 


From July 1984 to June 1986, 75 consecutive pa- 
tients (28 men and 47 women, aged 19 to 70 years 
[mean 42]) with severe rheumatic mitral stenosis who 
underwent cardiac catheterization and mitral valve 
surgery were enrolled in the study. Sinus rhythm was 
present in 20 patients (including 5 patients with a 
history of paroxysmal atrial fibrillation) and chronic 
atrial fibrillation in 55. Ten patients had a history of 
systemic embolism. Eighteen patients also had mild 
1+ mitral regurgitation and 4 patients had 2+ mitral 
regurgitation. Mild 1+ or 2+ aortic regurgitation was 
present in 45 patients. Patients with mitral regurgita- 
tion or aortic regurgitation 23+, graded by Sellers’ 
criteria, were excluded from the study. 

M-mode and 2-dimensional echocardiograms 
were performed <1 week before cardiac catheteriza- 
tion with Aloka or Hewlett-Packard phased-array 
systems using a 2.5-MHz transducer. LA thrombi 
were diagnosed when a mass echo with a clearly de- 
fined contour persisting in multiple echocardiograph- 
ic views despite alterations in gain and reject settings 
was observed.'” Cardiac catheterization was per- 
formed <] week before mitral valve surgery with 
standard techniques. The degree of mitral regurgita- 
tion was assessed by left ventriculography in the right 
anterior oblique view. Selective coronary arteriogra- 
phy was performed with the standard Judkin method 
to study the coronary anatomy and to investigate the 
presence of coronary neovascularization. Coronary 
neovascularization was defined as abnormal vessels 
arising from the coronary arteries with fistula forma- 
tion manifested by a dense mass stain and squirting of 
contrast material into the LA cavity.’ Coronary arte- 
riograms were reviewed and the findings were agreed 
on by 22 of 3 cardiologists. 

The an$iocardiographic findings of coronary neo- 
vascularization were classified with regard to the 
presence or absence of LA thrombi at surgery as fol- 












GURE 1. Coronary angiograms in left anterior oblique (left 
panel) and right anterior oblique (right panel) views revealing 
neovascularizations (white arrowheads) arising from the left 
circumflex artery (LCX) with fistula formation manifested by a 
dense mass stain (white arrows) and squirting of contrast ma- 
terial into the left atrial cavity (wide open arrows). LAD = left 
anterior descending artery. 


lows: (1) true positive—positive neovascularization in 
the presence of thrombi; (2) false positive—positive 
neovascularization without thrombi; (3) true nega- 
tive—negative neovascularization in the absence of 
thrombi; and (4) false negative—negative neovascu- 
larization in the presence of thrombi. Sensitivity, 
specificity and positive predictive accuracy were de- 
rived as follows: sensitivity = [true positives/(true 
positives + false negatives)| X 100; specificity = [true 
negatives/( true negatives + false positives)| X 100; 
and positive predictive accuracy = [true positives/ 
(true positives + false positives)| X 100. The same 
formula was applied to the 2-dimensional echocar- 
diographic findings. 

Twenty-one of the 75 patients had positive echo- 
cardiographic findings suggestive of LA thrombi ( Ta- 
ble I). Twenty of the 75 patients (27%) had abnormal 
vessels or neovascularization arising from the LA 
branch of the left circumflex artery to the left append- 
age area (Figure 1). In addition, 2 of these 20 patients 
had neovascularization arising from the right coro- 
nary arteries to the left atrium. At surgery, 33 of the 
75 patients (44%) were found to have LA thrombi. 
The thrombi were all located in the LA appendage 
and, in some patients, they extended into the LA cavi- 
ty. The patients with thrombi, the patients with posi- 
tive echocardiographic findings and the patients with 
coronary neovascularization were older than their re- 
spective counterparts (46.2 + 11.0vs 39.1 + 12.0, 46.7 
+ 13.2 vs 40.5 + 11.3 and 46.9 + 12.6 vs 40.7 + 11.7 
years, respectively; all p <0.05). Comparative inci- 
dences of embolic history were as follows: between the 
patients with and without the thrombi, 15 (5 of 33) 
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versus 12% (5 of 42); between the patients with posi- 
tive and negative echocardiographic findings, 19 (4 of 
21) versus 11% (6 of 54); and between the patients 
with and without coronary neovascularization, 15 (3 
of 20) versus 16% (7 of 45). The differences were not 
statistically significant. 

The diagnostic sensitivity, specificity and posi- 
tive predictive accuracy of positive echocardiographic 
findings in detecting LA thrombi were, respectively, 
45, 86 and 71%. The diagnostic sensitivity, specificity 
and positive predictive accuracy of coronary neovas- 
cularization for detecting LA thrombi were, respec- 
tively, 58, 98 and 95%. As the thrombi were detected 
by echocardiography alone in 5, by angiograms alone 
in 9 and by both in 10 patients, the diagnostic sensitiv- 
ity of combined angiographic findings of coronary 
neovascularization and positive echocardiographic 
findings increased to 73%. 

The diagnostic sensitivity of 2-dimensional echocardi- 
ography for detecting LA thrombi depends on sizes and 
locations of the thrombi. Two-dimensional echocardiog- 
raphy is insensitive in detecting small thrombi with a 
diameter <1 cm in the LA cavity, and particularly in 
detecting thrombi limited to the atrial appendage. Beppu 
et al? reported a sensitivity of 35% for detecting LA 
appendage thrombi, and Shrestha et al,! using 2-dimen- 
sional echocardiography, missed all the LA appendage 
thrombi. In both studies, the overall sensitivity of 2- 
dimensional echocardiography for detecting LA thrombi 
was about 58%. The sensitivity for the LA cavity thrombi 
was 75 to 78% and the specificity 99 to 100%. In this 
study, we found that 2-dimensional echocardiography 
has an overall low sensitivity of 45%. The thrombi in our 
patients were all located in the LA appendage area, and 
those that did not extend into the LA cavity were likely 
missed by echocardiography. 

Coronary neovascularization with fistula formation, 
although it had a low sensitivity of 58%, had a high 
specificity of 98% and a positive predictive accuracy of 
95% for detecting LA thrombi. The thrombi in our pa- 
tients were all located in the LA appendage and some 
even extended into the LA cavity. We believe that coro- 
nary neovascularization with fistula formation is specific 
for LA thrombi in the appendage area. In only 1 of 20 
patients with this type of neovascularization was the LA 
thrombus absent at surgery. The exact reason is not 
known; however, it might be attributed to spontaneous 
resolution of the thrombus. 

In this study, we found that combined coronary angi- 
ographic findings of neovascularization with fistula for- 
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mation and positive echocardiographic findings of LA 
thrombi increased diagnostic sensitivity for detecting LA 
thrombi. The sensitivity was 45% for 2-dimensional 
echocardiography and 58% for coronary neovasculariza- 
tion with fistula formation. The diagnostic sensitivity 
increased to 73% when both findings were combined. 
Because coronary neovascularization with fistula forma- 
tion is specific for LA appendage thrombi, coronary an- 
giographic findings of neovascularization with fistula 
formation also complements 2-dimensional echocardi- 
ography’s 99 to 100% specificity in detecting cavity 
thrombi in the left atrium.! 

The recently introduced transesophageal echocardio- 
graphic examination readily visualizes LA appendage 
thrombi? and thereby complements the transthoracic 2- 
dimensional echocardiographic examination. Because 
the present study was conducted before transesophageal 
echocardiography became available, the diagnostic sensi- 
tivity and specificity of the latter and its correlation with 
coronary angiographic findings of neovascularization 
were not investigated. Thus, further studies are warrant- 
ed. Furthermore, pathologic correlates of LA thrombi 
with coronary neovascularization were not systematically 
investigated in this study. However, microscopic exami- 
nations of some LA thrombi in patients with coronary 
neovascularization and fistula formula revealed vascular 
channels with endothelial linings. Standen* suggested 
that the fistula formation in the left atrium results from 
partial necrosis of the organizing thrombus with ulcerat- 
ed surface, which allows coronary blood to escape into 
the LA cavity. However, Colman et al> found no correla- 
tion between neovascularization with fistula formation 
and histologic findings of LA thrombi. 
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Doppler Echocardiographic Estimation of Transmitral Pressure 
Gradients and Correlations with Micromanometer Gradients in 


Mitral Stenosis 


Daniel David, MD, Roberto M. Lang, MD, Richard H. Marcus, FCP (SA), 
Alex Neumann, BS, Kirk T. Spencer, MD, Ted Feldman, MD, John D. Carroll, MD, 


Pinhas Sareli, MD, and Kenneth M. Borow, MD 


that the relation between pressure difference and 

velocity of fluid flow across an orifice is accurately 
described by the modified Bernoulli equation.!-3 On the 
basis of these data, the modified Bernoulli equation has 
been widely applied in clinical echocardiography to the 
calculation of transvalvular pressure gradients from 
Doppler flow velocity data. The accuracy of the modified 
Bernoulli equation for determination of diastolic trans- 
mitral pressure gradients has been assessed previously in 
patients with mitral stenosis by comparing Doppler data 
with manometric measurements obtained with fluid- 
filled catheters.+° In this study, to avoid the inherent 
inaccuracies associated with the use of fluid-filled cathe- 
ters,’~!! direct left atrial and ventricular microma- 
nometer pressure measurements were used to reexamine 
the accuracy of the modified Bernoulli equation for de- 
termination of diastolic transmitral gradients from flow 
velocity data in patients with mitral stenosis. 

Six patients with rheumatic mitral stenosis, rang- 
ing in age from 47 to 71 years (mean + standard 
deviation 59 + 10) were studied. Exclusion criteria 
were clinical, echocardiographic or angiographic evi- 
dence of occlusive coronary artery disease or signifi- 
cant mitral or tricuspid regurgitation. Mean heart 
rate was 76 + 14 beats/min. Five patients were in 
normal sinus rhythm and 1 was in atrial fibrillation. 
Cardiac index and left ventricular end-diastolic pres- 
sure were 2.5 + 0.2 liters/min/m? and 12 + 4mm Hg, 
respectively. The mean mitral valve orifice area (Gor- 
lin formula) was 1.0 + 0.4 cm?. 

The experimental protocol was approved by the 
Clinical Investigation Committee of this institution. 
All patients were studied during diagnostic left- and 
right-sided cardiac catheterization. Left ventricular 
and atrial pressures were obtained with 7Fr and 6Fr 


I n vitro studies using various flow models have shown 
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micromanometer catheters, respectively. The left atri- 
um was accessed from the systemic venous system via 
a Mullin sheath inserted using a transseptal tech- 
nique. Micromanometers were calibrated after inser- 
tion into the vascular system using pressure measure- 
ments obtained from juxtaposed fluid-filled catheters 
connected to strain gauge transducers. After this cali- 
bration procedure, both catheters were fluoroscopi- 
cally guided into the left ventricle, where pressures 
were balanced with the catheter tips in close proximi- 
ty. The left atrial and ventricular catheter tips were 
then positioned above the mitral anulus and beneath 
the mitral leaflets, respectively. Zero balance and 
internal calibration of the micromanometers were 
checked periodically during the procedure. Ther- 
modilution cardiac outputs were determined, using 
Swan-Ganz catheters, as the average of 3 to 5 mea- 
surements with an intermeasurement variability of 
<10%. Transmitral blood flow velocity recordings 
were obtained with the transducer positioned at the 
cardiac apex using continuous wave Doppler (1.9 
MHz). Left atrial and ventricular pressures were re- 
corded simultaneously with the Doppler data using 





FIGURE 1. Schematic illustration of left ventricular 


Doppler 
inflow velocity signal together with left atrial and ventricular 


sure gradients were compared with gradients 

the modified Bernoulli equation. At points E, N, and A, flow 
acceleration is zero; at points U and D, flow is accelerating 
and decelerating, respectively. See text for explanation of 
points. 
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a custom-made multichannel physiologic signal re- 
cording module (Hewlett-Packard, Inc., Andover, 
Massachusetts). 

Manometric and flow velocity data were digitized 
to allow determination of simultaneous microma- 
nometer and Doppler-derived transmitral pressure 
gradients throughout the cardiac cycle. Pressure dif- 
ferences were calculated from Doppler flow velocity 
data (using the modified Bernoulli equation) at 5-ms 
intervals during diastole. For each patient, 3 to 5 end- 
expiratory beats were analyzed. The time delay be- 
tween pressure and Doppler data was compensated 
for by aligning peak early and late diastolic pressure 
gradients with peak E and A Doppler flow velocity 
points. Instantaneous micromanometer and Doppler/ 
modified Bernoulli equation pressure gradients were 
compared at 5 specific points during diastole (Figure 
1): (1) peak early inflow velocity (E); (2) peak atrial 
inflow velocity (A); (3) mid-diastolic inflow velocity 
nadir (N); (4) during the upstroke of early inflow, 
midway between the onset point and E (U); (5) during 
the deceleration phase of early inflow, when flow ve- 
locity was similar to that at U (D). At points E, A and 


FIGURE 2. Computer printouts of the digitized Doppler and pressure data acquired in a 

sis. Upper panel, digitized left atrial and ventricular micromanometer 

tized, simultaneously acquired Doppler transmitral flow velocity signal. Middle panel, instantaneous pressure 
mined from micromanometer pressures (PG-CATH) and Doppler data using the modified Bernoulli equation (PG-MBE) at 5-ms 
intervals during diastole. R = position of R wave on electrocardiogram. 


N, flow acceleration was zero; at U and D, flow accel- 
eration was positive and negative, respectively. Mean 
diastolic pressure gradients were also compared. 

Linear regression analysis was used to correlate 
values for instantaneous and mean transmitral pres- 
sure gradients acquired from direct micromanometer 
pressure recordings and calculated from Doppler 
data. In addition, the differences between the average 
values for mean diastolic gradient determined by each 
method were plotted against the micromanometer 
value in each patient to determine the limits of agree- 
ment between the 2 methods.!? 

Mean transmitral micromanometer-determined 
pressure gradients ranged from 9 to 21 mm Hg with 
corresponding calculated valve areas of 1.4 to 0.5 cm? 
(Gorlin formula). Figure 2 is a computer printout of 
digitized and calculated data in a representative pa- 
tient. Instantaneous and mean micromanometer pres- 
sure gradients correlated well with Doppler-calculat- 
ed values throughout diastole, with r values ranging 
from 0.62 to 0.90 (Figure 3). The correlation between 
micromanometer and Doppler gradients was not in- 
fluenced significantly by flow acceleration, flow de- 





representativ 
pressures (LAP and LVP, respectively). Cower panel, digi- 
gradients deter- 
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FIGURE 3. Correlations between instantaneous (points U, E, D, N and A) and mean pressure gradients measured by microma- 
nometer (Pressure Gradient-Cath) and calculated from Doppler data (Pressure Gradient-MBE) in patients with mitral stenosis. 


celeration or absolute velocity of flow. However, the 
Doppler-derived gradients underestimated those de- 
termined using micromanometers by 2 to 29%, with 
the greatest discrepancies occurring in late diastole 
(points N and A). On average, Doppler underestimat- 
ed diastolic mean transmitral gradients by 3.0 + 2.7 
mm Hg (Figure 4). This represented a negative bias of 
18% for the noninvasive measurements and translated 
into a projected mean difference in calculated mitral 
orifice area of 9% using the Gorlin formula. 

The relation between pressure and flow velocity as 
expressed by the Bernoulli equation has previously been 
shown to be applicable to the quantification of mitral 
transvalvular pressure gradients in patients with mitral 
stenosis using Doppler-derived flow velocity data.46 
Moreover, it has been stated that the Bernoulli equation 
can be simplified without significantly reducing its accu- 
racy by assuming that the contributions to the gradient of 
flow acceleration and viscous resistance factors are 
small.4-5 

Data from in vivo validation studies performed previ- 
ously in humans are potentially confounded by the use of 
fluid-filled ¢atheters and the substitution of pulmonary 
capillary wedge pressure for left atrial pressure.*° Prior 


investigations fave shown that pulmonary capillary 


wedge pressure can overestimate true left atrial pressure 
by as much as 35%7-!! and that phase delay in the wedge 





tracing can shift the v wave into early diastole, thereby 
giving the appearance of a greater early diastolic trans- 
mitral gradient than that obtained by direct measure- 
ment of left atrial pressure. Because multiple sources of 
error Can cause inaccuracies that either cancel or amplify 
one another, the previously reported data require verifi- 
cation. In the current study, these confounding factors 





MBE—Catheter 


15 
Catheter 


(central dashed horizontal line) is negative, indicating a con- 
sistent negative bias for the Doppler values. The 95% confi- 
dence intervals for the differences between the 2 methods (up- 
per and lower dashed horizontal lines) represent the limits of 
agreement between the methods. MBE = modified Bernoulli 
equation; SD = standard deviation. 
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were eliminated by comparing transmitral gradients de- 
rived from Doppler data with gradients determined from 
simultaneous left atrial and left ventricular microma- 
nometer pressures. 

Although there was good correlation between the 2 
methods at all sampling intervals, the Doppler-derived 
instantaneous and mean pressure gradients were con- 
sistently lower than those obtained using microma- 
nometers. These results suggest that the modified Ber- 
noulli equation underestimates transmitral gradients in 
mitral stenosis. Similar findings by Holen and Simon- 
sen,° who used fluid-filled catheters to measure diastolic 
gradients between the left atrium and ventricle, were 
attributed to “overshoot” of manometric pressures. Be- 
cause the problem of overshoot is obviated by the use of 
micromanometers, this could not have accounted for the 
differences observed in this study. It is unlikely that ex- 
clusion from the modified Bernoulli equation of the terms 
for flow acceleration and viscous resistance is important 
since the greatest underestimation of instantaneous gra- 
dients occurred when flow acceleration was zero (N and 
A, Figure 1) and, at the relatively high flow velocities 
recorded in mitral stenosis, the contribution of viscous 
resistance to the pressure gradient is small. Importantly, 
the average difference between the mean gradient deter- 
mined by Doppler and that measured invasively was 
<20%. This would translate into an overestimation of 
mitral orifice area determined by Doppler of <10%, 
assuming that invasive values were accurate. Because 
these invasive data themselves showed an average beat- 
to-beat variability of 10%, these small differences are 
unlikely to impact significantly on clinical evaluation and 
management in patients with mitral stenosis. 

Recently, attention has been focused on the effects of 
left atrial and left ventricular chamber properties on 
transmitral flow dynamics.!*:!4 Models have been devel- 
oped which predict that compliance of the cardiac cham- 
bers is a major determinant of transmitral gradients. '4 
Diastolic transmitral blood flow is governed both by the 
impedance characteristics of the mitral valve and by the 
compliance properties of the left atrium and ventricle. 
The contribution of chamber compliance to the transmi- 
tral diastolic gradient is not considered by the modified 
Bernoulli equation. Left atrial and left ventricular com- 
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pliance characteristics may partly account for the under- 
estimation of the transmitral gradient by Doppler. 
The validity of these results is highly dependent upon 
the accuracy of pressure and flow measurements. Re- 
cently, it has been shown that the location of the pressure 
transducer within the left ventricular cavity can affect the 
accuracy of transmitral pressure gradient determina- 
tions.'> Because instantaneous and mean gradients were 
consistently underestimated by Doppler, the possibility 
that a systematic methodologic error had been inadver- 
tently introduced was considered. However, the observed. 
differences between micromanometer and Doppler-de- 
rived transmitral pressure gradients could not be mini- 
mized by systematic manipulation of the data, suggesting 
that these were “real” and of a physiologic nature. 
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Lopid® (Gemfibrozil Capsules and Tablets) 


Before prescribing, please see full prescribing information. 
A Brief Summary follows. 


CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
biliary cirrhosis. 

2. Preexisting gallbladder disease (See WARNINGS). 

3. Hypersensitivity to gemfibrozil. 

WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 
tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 
studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 
with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treated with clofibrate for five years and followed one year 
beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
treated than in a comparable placebo-treated control group. The excess mortality was 
due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 12 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 1¥2 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 
carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 


Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity. 

2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (7.5% vs 4.9% for the place- 
bo group, a 55% excess for the gemfibrozil 
group). A trend toward a greater incidence 
of gallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued. 

4. Concomitant Anticoagulants— Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 

6. Cataracts —Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 





t THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 


PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was not statistically significant (p=0.1). In high dose female rats, there 
was a significant increase in the combined incidence of benign, and malignant liver 
neoplasms. In male and female mice, there were no statistically siqnificant differences 
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from controls in the incidence of liver tumors, but the doses tested were lower than thos 
shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two other drugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 week 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that thi: 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit: 
ted to the offspring. 

5. Pregnancy Category B— Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 67 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observec 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic ir 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist 

9. Use in Children — Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. In the double-blinc 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years 
In that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren: 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%). acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a Causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients. 
Additional adverse reactions that have been reported for gemfibrozil are listed below 

by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 
CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 
CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia: 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integument alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200mg». 
administered in two divided doses 30 minutes before the morning and evening, Meal, ` 
MANAGEMENT OF OVERDOSE. While there has been no reported casg of over” ~ 
dosage, symptomatic supportive measures should be taken sHould itoccUrs ` = 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Prit 
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Low HDL with 
elevated LDL and triglycerides: 


A common denominator of many heart attack victims 


Mixed hyperlipidemias—elevated cholesterol and LOPID is indicated for reducing the risk of córonary 
triglycerides—are common among heart attack victims, heart disease in type Ilb patients with low HDL, in 
and nearly two thirds of people who developed addition to elevated LDL and triglycerides, and who 
noris infarction in the PROCAM Trial had a low have had an inadequate response to weight loss, 

(< 35 mg/dL) baseline level of HDL cholesterol.’ diet, exercise, and other pharmacologic agents 
LOPID? (gemfibrozil) is not indicated for the treatment suċh as bile acid sequestrants and nicotinic acid. 
of patients with low HDL cholesterol as their only ‘ 


lipid abnormality. Contraindicatėd in patients with hepatic or severe 


Raised low HDL 25% renal dysfunction, including primary biliary 


Cirrhosis, preexisting gallbladder disease, or hyper- 
—in patients whose baseline HDL was < 35 mg/dL sensitivity to. gemfibrozil: LOPID may increase 
and median baseline LDL was 186 mg/dL in the cholesterol secretion into the bile, leading to chole- 
landmark Helsinki Heart Study (HHS).’ lithiasis. Caution should be exercised when anti- 


: coagulants are given in conjunction with LOPID. 
Reduced heart attack 
incidence up to 62% x ' Defined asa combination a et ie coronary aeath and/or definite 


myocardial infarction. P = .013; 95% 
—in these HHS patients.’ Incidence of serious coronary 
events was similar for LOPID and placebo subgroups 
with baseline HDL above the median (464 mg/dL).’ 


A powerful case for 


iOPID: 
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